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For my parents, with love
In the begirgiing God created the heaven 
and earth. And the earth was waste and 
void; and darkness was upon the face of 
the deep: and the spirit of God moved iqxm 
the face of the waters. And God said. Let 
there be ligjit: and there was lig^t. And 
God saw the ligjit, that it was good: and 
God divided the ligjit from the darkness. 
And God called the ligjit Day, and the 
darkness he called Nig^t. And there was 
evening and there was morning, one day.
Genesis: 1,2
And God said. Let there be li^ts in the 
firmament of the heaven to divide the day 
from the nig^t; and let them be for signs, 
and for seasons, and for days and years: 
and let them be for lights in the 
firmament of the heaven to give lig^t upon 
the earth: and so it was.
Genesis: 1,14
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SUMMARY
Goats indigenous to non-equatorial climates are seasonal short-day 
(SD) breeders, initiating reproductive activity in response to 
decreasing daylength in the autumn. The annual caprine breeding season 
is regulated by changing photoperiod throughout the year. Photoperiodic 
information is transduced in the form of melatonin (aMT) from the pineal 
gland, probably via changing duration of secretion.
Sunmer SD and aMT treatment, to create artificial winter 
photoperiod conditions, induced a small advance in breeding activity: 
goats are not as responsive to these treatments as sheep.
The sensitivity of goats to light, as assessed by suppression of 
plasma alH, was high, the threshold for suppression being between 0.26- 
0.68 pW/cm^ (0.87-2.3 lux).
Treatment of goatlings with a 20 h light: 4 h dark (20L:4D) photo­
period for 2 months during the winter removed the photorefractory state 
imposed by prevailing SD conditions. When followed by 3 months s.c. aMT 
implantation a 3 month oestrous advance was induced. The goats’ breeding 
season was completely reversed by advancing 2 consecutive oestrous 
onsets in this way. 20L:4D was more effective at inducing early breeding 
activity than a skeleton photoperiod (lights on 0400-0900 h and 2200- 
2400 h) when followed by aMT treatment in goatlings. Winter 20L:4D 
photoperiod treatment for 50 days induced out-of-season breeding, and 
was more successful in multiparous than in nulliparous goats; subsequent 
aMT treatment increased successful conception. Multiparous goats 
breeding out-of-season, following light and aMT treatment, had reduced 
milk yields. Milk composition and yield from goatlings induced to breed 
out-of-season were normal when compared to naturally breeding goatlings.
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Melatonin was secreted into the milk of goats during the first week 
after treatment with a aMT intraruminal bolus. Melatonin residues did 
not accumulate in the tissues of goats in large amounts.
Exposure to 20L:4D during the winter, followed by aMT treatment, 
induced the growth of an early winter coat in goats, probably via 
effects on PRL production.
Autumn-born kids reached puberty at a much earlier age than spring- 
born kids (12.8 wks vs. 25-30 wks). ^  utero 20L:4D treatment seasonally 
phase delayed puberty in autumn-bom kids; puberty occurred at 16.5 wks.
Putative aMT receptors were demonstrated in the pars tuberalis, 
suprachiasmatic nucleus, preoptic area, medial and lateral septal areas, 
fomix, hippocampus and cerebral cortex of the caprine brain by ^  vitro 
autoradiography.
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CHAPTER ONE
LITERATURE REVIEW
1. Literature Review
1.1 INTRODUCTION
Domesticated ruminants, indigenous to non-equatorial regions of the 
world, have evolved a reproductive strategy which enables them to give 
birth at a particular time of year when food availability and climatic 
conditions are optimum for the growth and survival of their young 
(Baker, 1938), Most farm ruminant species are classified as seasonal 
breeders, since reproductive activity is concentrated during one season 
(Lincoln and Short, 1980). Through years of domestication and farm 
management cattle have lost their seasonality with respect to 
reproduction, and reproductive activity is only moderately influenced by 
seasons. However, species, such as sheep, goats and deer, are usually 
markedly seasonal and initiate reproductive activity in response to 
decreasing daylength, or photoperiod, in the autumn. Gestational lengths 
in these species ensure that the off-spring are bom during the spring, 
at a time of rapid pasture growth and favourable environmental 
conditions. In this respect, these species are termed short-day seasonal 
breeders (Lincoln and Short, 1980).
Many physiological functions, as well as reproduction, vary 
according to the seasons; for example, voluntary food intake (satiety), 
coat growth, milk yield and behaviour. All these functions are entrained 
to a certain time of year by the changing daily photoperiod, the major 
seasonal zeitgeber (Follet, 1982; Karsch et al., 1984). Seasonal cycles 
in the physiology of mammals require a system for measuring daylength so 
that they can be coordinated to the appropriate time of year. For a 
number of years the essential role of the pineal gland as a major 
seasonal synchronizer has been known (Tamarkin et ^ . , 1985; Arendt, 
1986).
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The pineal gland receives information concerning the environment 
via the central nervous system, in the form of a neural signal. This 
information is then relayed to the rest of the body as a humoral signal, 
in the form of melatonin. The pineal gland was referred to as a 
’photoneuroendocrine transducer ’ by Wurtman and Axelrod (1965) (Axelrod, 
1974) to describe this function. The animal can thus detect changes in 
the prevailing photoperiod and respond accordingly with the appropriate 
physiological response.
Melatonin was originally isolated from bovine pineals by Lemer and 
colleagues (1960), and is the most physiologically important 
methoxyindole synthesized within the pineal gland. Melatonin is thought 
to be secreted directly into the peripheral blood system (Rollag at 
al.,1978a), the pineal having one of the richest blood supplies of any 
organ in the mammalian body. In most mammals studied to date, melatonin 
production possesses a circadian rhythm, with the duration of high 
peripheral melatonin corresponding to the length of the dark phase of 
the natural light-dark cycle (Rollag et ^ . , 1978b; Arendt, 1979; Arendt 
et al., 1981b). Most experimental evidence in the ewe suggests that the 
duration of melatonin secretion codes for photoperiod length (Bittman et 
al., 1983a; Arendt, 1986).
The precise mechanism of action of melatonin is, as yet, undefined. 
However, since the discovery of the sites of action of melatonin in the 
brains of rats, hamsters, and sheep (Glass and Lynch, 1982; Glass, 1988; 
Dubocovich, 1988; Vanecek, 1988; Morgan and Williams, 1989) melatonin 
has been suggested to regulate the reproductive axis via a central site 
of action.
This literature review is concentrated on short-day breeding
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ruminants and only minimal reference is made to long-day breeders, such
as the hamster. The review commences with an introduction to goat
breeding and management. Particular reference is made to the
interpretation of the melatonin signal by the seasonal breeder, and to 
the effects on reproductive activity of removal of the pineal gland, 
sympathetic denervation of the pineal, treatment with different 
photoperiods and melatonin administration. The development of puberty in 
kids bom out-of-season, the effects of melatonin treatment on ruminant 
coat growth cycles and central melatonin binding sites are discussed in 
Chapters 10, 11 and 12 respectively.
1.2 GOAT BREEDING AND MANAGEMENT
The majority of the worlds’ goat population is found in equatorial
or tropical regions, with over two thirds of the population within 30°
of the equator. Therefore, the goat is an important farm animal in the
tropical regions of the world, many of these areas being in developing
countries. The small size, large surface area to body weight ratio and 
thin subcutaneous fat covering of the goat make them very adaptable to 
tropical regions. Goats native to the arid tropics are able to conserve 
water well, travel through a variety of rough terrains and are browsers, 
willing to eat a large range of vegetation. Problems of the humid 
tropics, such as disease, parasitism, and decreased reproductive 
performance and lactation due to high temperatures, do not appear to 
affect indigenous goats, which tend to be résistent to many of the 
diseases which infect other livestock species in the same areas 
(Shelton, 1978). The goat, therefore, makes an important and 
irreplaceable contribution to agriculture in the developing countries of
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the world. The popularity of goats' milk and milk products, such as 
cheese and yogurt, is increasing in the affluent western countries due 
to the special health and nutritive values attatched to goats’ milk 
(Haenlein, 1978).
1.2.1 Cconereially Available Products from Goats
Based on data frœi the United Nations Food and Agriculture 
Organization (UNFAO) the most important products from goats are milk, 
meat, fibre and hide, milk being the most commercially important 
product, accounting for 58.4% of the United States market for goat 
products (Figure 1.1; Shelton, 1978). Most breeds of goat have the 
potential for producing all these products, but certain breeds are 
selected for high milk yield, quality fibre production or carcass 
composition, and are bred especially for the production of these 
products.
1.2.1.1 Milk
Most of the high-producing dairy breeds, such as Saanen, 
Toggenburg, French Alpine, Appenzell and Anglo-Nubian, originate in 
European countries. Goats’ milk has certain advantages over cows’ milk, 
as well as providing a nutritional alternative. Goats’ milk proteins are 
sufficiently different for people sensitive to cows’ milk not to react, 
and are especially suitable for adults and children who cannot consume 
cows’ milk due to allergic reactions. Special attributes of goats’ milk 
are the small size of fat globules, which give the milk a creamier 
texture than cows’ milk, the fat and protein contents are more easily 
digested, vitimin A is carried intact and is easily absorbed and milk- 
transferred diseases, such as tuberculosis, are extremely rare in goats’ 
milk (Devendra, 1975). In developing countries goats can be browsed in
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Figure 1.1. Relative value of goat products on the United States market. 
Based on UNFAO production data converted to approximate value of 
products.
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semi-arid areas with sparse vegetation, and in mountainous areas with 
steep slopes, conditions which are unsuitable for cattle. Also, the 
small size of the goat, and its high milk yield compared to body weight 
and nutritional requirements, are ideal for small-holdings and farmers 
without large areas of pasture (Haenlein, 1978; Larson, 1978).
Caprine and bovine milk are equivalent with respect to energy 
supply provided by fat, protein and lactose. The supply of protein, 
calcium, phosphorus, riboflavin, vitamin A, vitamin B^ 2> folic acid, 
vitamin D, thiamine, bio tin and pantothenate from goats’ milk is in 
excess of requirements for human infants, but goats’ milk appears to be 
deficient in iron and vitamin C. However, goats’ milk, like cows’ milk, 
possesses a good balance of the essential amino acids (Parkash and 
Jenness, 1968).
1.2.1.2 Meat
Some religions dictate that certain meats, such as pork and beef or 
fatty meats, cannot be eaten. Goat meat provides an alternative for the 
people that follow these religions and its popularity is increasing in 
western countries (Haenlein, 1978). In general, goat meat is leaner than 
mutton, and this is associated with less subcutaneous and intramuscular 
fat than sheep meat (Haenlein, 1978). Good meat producing goats are the 
Nubian, Creole (Chemineau, 1986) and Boer breeds.
1.2.1.3 Fibre
Most goats have a hairy outer coat which obscures a short, fine 
underwool or cashmere. In Britain, cashmere is primarily grown on feral 
goats in Scotland (Ryder, 1985; Thear, 1987). The other main fibre from 
goats is mohair, which is grown on Angora goats, originally from Turkey. 
The coat of an Angora is only a single coat, instead of the double coat
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of other goats. Mohair is a long, lustrous, relatively coarse, but non- 
hairy fibre (Ryder, 1986 and 1987). In developed countries, goat fibre 
is a luxurious comnodity, and has certain advantages over wool in that 
it is a finer and much softer fibre. Britain is the major producer of 
high-quality goat fibre products, but due to the seasonal nature of the 
goat coat growth cycle (Ryder, 1964; Ryder, 1970), in temperate 
climates, fibre production in Britain does not meet the demands of the 
textile industry. Therefore, most of the goat fibre employed in the 
British textile industry is imported from countries such as Iran, 
Afganistan and China, adding to the cost of production (Russel, 1989).
1.2.2 Goat Reproduction
1.2.2.1 Female reproduction
All breeds of goats indigenous to countries at latitudes greater 
than 45° show marked seasonal variations in breeding activity. The 
breeding season occurs during the autumn and winter, with an anoestrous 
period lasting throughout the spring and summer, when cyclic ovarian 
activity ceases (Pelletier et , 1987; Henderson, 1987; Figure 1.2). 
In Britain, the caprine breeding season occurs from September through to 
February. Tropical breeds of goats do not show this seasonality and are 
able to breed all year round (Jarosz et ^ . , 1971; Chemineau, 1986). 
Hafez (1952) reported that the duration of the sexual season in the 
>ferino ewe was inversely related to the latitude to which the ewes were 
transported. However, there have been no reports to suggest that 
seasonality of reproductive activity is lost when temperate breeds are 
transferred to the tropics (Chemineau, 1987; Pelletier et ^ . , 1987). 
Seasonality in caprine and ovine reproduction is modulated by changes 
in, primarily, photoperiod (Mann, 1981), as well as temperature.
“ 7“
Figure 1,2. Seasonal variation in behavioural oestrus in French Alpine 
goats (from Henderson, 1987).
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humidity (Chemineau and Ravault, 1984; Sergent et , 1985), and
nutrition (Mews, 1981) with changing latitude (Pelletier ^  , 1987).
Goats reach sexual maturity between 25-30 weeks of age, and the 
sexes should be separated before this age. The females should not be 
allowed to mate until they reach 60-75% adult weight, which usually 
occurs in their second season, so as not to affect future production and 
is especially true for dairy goats (Shelton, 1978). Behavioural signs of 
oestrus include tail-wagging, bleating and general excitement, vaginal 
mucus, reddening of the vulva, increased activity, especially at night 
(Doherty et al., 1987), and a willingness to stand and be mounted by the 
male. The presence of a rag impregnated with the odour from a billy (a 
billy rag) will potentiate these signs, as will a ’teaser’ male 
(vasectomized male or androgenized female) in large herds (News, 1981). 
In general, goats do not exhibit silent ovulations and the majority of 
ovulations are accompanied by behavioural oestrus (Shelton, 1978). The 
length of oestrous cycles varies between breeds and can be as short as 8 
days or as long as 40 days, but, in general, 19-21 days is the norm 
(Figure 1.3). The duration of the oestrous period is 36 hours, with 
ovulation occurring near the end of this time (Shelton, 1978; Thibier et 
al., 1981; Mori and Kano, 1984; Sah and Rigor, 1985). Ovulation rate, 
and subsequent kidding rate, depend on the plane of nutrition or the 
degree of sexual development of the goat (Shelton, 1978). The most 
common means of detecting pregnancy is non-return to oestrus. However, 
more accurate methods include milk progesterone assessment (Holdsworth 
and Davies, 1982; Thibier et al,, 1982), ultrasound scan from 60 days 
gestation, abdominal X-ray at 70-80 days gestation, vaginal biopsies and 
palpation using a rectal probe, the latter technique occasionally
-9-
Figure 1.3. Mean serum progesterone concentrations of four does during 
the oestrus cycle (from Ott, 1982).
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inducing abortion (Memon and Ott, 1980; Mews, 1981; Ott, 1982). 
Gestational lengths average 149 days, and the young are bom during 
February and March (Shelton, 1978; Mews, 1981; Ott, 1982).
However, the seasonal nature of goat reproduction leads to seasonal 
fluctuations in the availablity of products from these animals, and 
poses a problem for the farmer to supply year-round fresh milk and meat. 
Milk and meat production peak in the late spring and early summer, with 
a large decline in the supply of these products during the winter 
(Shelton, 1978; Mews, 1981). Fibre production shows a seasonal
variation, with peak production during the winter; this is the main
reason why the British fibre farmers cannot meet the ever increasing 
demands of the textile industry for cashmere and mohair.
Compared to seasonality, other reproductive problems are of minor 
importance in the prolific goat. The presence of the polled gene
(hornless) presents a problem in some herds since it increases the
occurrence of intersexuality, resulting in infertile goats (Hamerton et 
al., 1969; Mews, 1981; Ott, 1982). Goats tend to abort more readily than 
other species of domestic livestock; the exact reason for this is 
unclear, but the fact that gestation in the goat depends on the 
maintenance of a functional corpus luteum (CL) will predispose the 
animal to abort if there is interference with, or loss of, a CL. 
Brucellosis (Brucella melitensis) is a ccmrnon cause of abortion in goats 
(Alton, 1973). In Africa, infection by the tsetse fly with Trypanosoma 
congolense can induce abortion and anoestrus in tropical breeds 
(Llewelyn ^  ^ . , 1987). In the dairy goat infection of the udder with 
Escherichia coli leads to mastitis and can eventually culminate in death 
during the first few weeks of lactation. Good herd management and high
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planes of nutrition can reduce the occurrence of abortion in goats 
(Shelton, 1978). Stress and unfamiliar surroundings can induce a 
premature termination of oestrous cyclicity (Shelton, 1978). Factors 
associated with fertility in female goats are discussed at great length 
by Mews (1981).
1.2.2.2 Male reproduction
Male goats, in temperate climates, also show a marked seasonality 
with respect to plasma follicle stimulating hormone (FSH), luteinizing 
hormone (LH) and testosterone concentrations (Miyamoto e^ ^ . , 1987) and 
consequent testis size, libido (Pelletier et ^ . , 1987) and semen 
quality (Corteel, 1977). Males have a sexual rest consistent with that 
of females (Pelletier ^  al*, 1987), although seasonality is not as 
obvious and males can be used for successful breeding all year round 
under the right conditions of management and nutrition (Revell, 1987). 
The start of the breeding season is indicated by the characteristic 
'billy odour' produced by glands behind the horns of the males. This 
odour has a stimulating effect on the females’ expression of oestrus and 
males can be descented at dehorning by burning or removing the scent 
glands (Ott, 1982). This odour is unpleasant to the human nose and, in 
fact, is a factor that deters some farmers from keeping goats (Larson,
1978). Problem factors associated with male goat reproduction are semen 
quality and quantity, management and nutrition, intersexuality, 
urolithiasis, testicular hyperplasia, sperm granuloma and crypt­
orchidism, all of which are reviewed in detail by ^ ws (1981).
1.2.2.3 Introduction to the hypothalamo-pituitary-gonadal axis 
Reproductive activity in mammals is governed by the central nervous
system (CNS). Animals which breed seasonally require a mechanism to
-12-
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detect external cues about the environment so as to regulate breeding 
activity to the appropriate time of year (Lincoln and Short, 1980). A
variety of external cues, such as visual, olfactory, tactile and 
auditory, are relayed via the CNS and converge on the hypothalamus, an 
area of neural tissue which forms the base of the brain in the region of 
the diencephalon. The external information is processed, amplified and 
transduced into a humoral signal by the neurones of the hypothalamus. 
This humoral signal is relayed to the anterior pituitary where it is 
further amplified and transmitted, via the gonadotrophins (FSH and LH), 
to the gonads. The gonads respond in a variety of ways, one of which is 
the release of gonadal steroids which act on a number of target tissues, 
including the pituitary and the brain (Karsch et ^ . , 1984). The cell 
bodies of the parvicellular neurones are scattered in various nuclei in 
the hypothalamus, while their axons end in the median eminence. These 
neurones secrete hormones from their nerve terminals which diffuse into 
the vascular plexus at the top of the hypophyseal stalk. These releasing 
hormones either inhibit or stimulate the secretion of hormones from the 
anterior pituitary. Pulses of gonadotrophin releasing hormone (GhRH) 
induce the pulsatile secretion of both FSH and LH (Goodman and Karsch, 
1981), while thyrotrophin releasing hormone (TRH) stimulates prolactin 
(PRL) release (Karsch, 1984).
In the mammalian female, FSH acts on the ovaries to induce the 
growth and differentiation of Graafian follicles and is essential for 
the formation of an antrum in the developing follicle. Steroidogenesis 
is stimulated by FSH, which induces the activity of the aromatase enzyme 
and increases the conversion of androgens to oestrogens (Baird and 
McNeilly, 1981). In the male, FSH stimulates spermatogenesis as well as
-13-
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steroidogenesis. As well as its major action in inducing ovulations in 
follicles adequately primed with FSH, LH also increases steroidal 
synthesis by stimulating the conversion of cholesterol to pregnenolone 
(Baird and McNeilly, 1981).
Gonadal steroids exert a feedback action at the level of the 
pituitary and hypothalamus; in this way the gonadotrophins regulate 
their own production within well-defined limits. Progestagens and 
androgens act on the hypothalamic pulse generator to reduce the 
frequency of GnRH pulses (Goodman and Karsch, 1981). Testosterone acts 
on the anterior pituitary to regulate gonadotrophin secretion. Oestrogen 
acts on the anterior pituitary and the hypothalamus to both inhibit and 
stimulate the release of gonadotrophins. During the anoestrus period in 
the breeding cycle of the seasonal breeder the hypothalamus is extremely 
sensitive to the negative feedback effects of gonadal steroids, and GnRH 
secretion is suppressed. At the start of the breeding season and at the 
onset of puberty (Foster and Ryan, 1979) the hypothalamus gradually 
becomes refractory to the effects of gonadal steroids (Legan et , 
1977); pulses of GnRH are released and induce pulses of gonadotrophin 
secretion resulting in increased steroid production (Karsch, et ,
1984). Initially, oestradiol-lTbeta has a positive feedback effect on 
the anterior pituitary and stimulates the secretion of LH, resulting in 
a preovulatory LH surge in the periphery. However, as a consequence of 
this LH surge oestradiol-17beta production is increased and, in high 
concentrations, oestradiol-17beta exerts a negative feedback effect on 
LH production, resulting in suppression of LH secretion followed by 
ovulation. After ovulation a CL is formed from the granulosa and thecal 
cells of the ruptured follicle. The CL secretes progesterone, which is
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essential for the maintenance of pregnancy (Baird, 1984). If conception 
is not achieved, the CL gradually regresses due to the action of uterine 
prostaglandin F2alpha ^^^^2alpha) reaches the ovary via a counter-
current mechanism involving the utero-ovarian vein and the ovarian 
artery (Coding, 1974). Progesterone secretion declines, removing the 
negative feedback influence on the hypothalamus and initiating the start 
of the next oestrous cycle (Figure 1.3. Ott, 1982; Short, 1984).
1.2.3 Management of Goat Reproduction
The ultimate reason for manipulation of goat reproduction is for 
increased production of consumables. Other reasons are for oestrous 
synchronization within the natural breeding season, to make use of a 
travelling stud buck, or for ensuring that all the does are cycling at 
the same time when being transported to a stud. Oestrous synchronization 
leads to better management of kidding and lactation. Reproduction 
manipulation can be used to increase kidding, by increasing breeding to 
three times in two years, and also to create a year-round supply of milk 
(Henderson, 1987). These manipulations can be achieved in a number of 
ways, as will now be described.
1.2.3.1 Progestagen sponges
During the breeding season progestagen-impregnated intravaginal 
pessaries or sponges are used for oestrous synchronization within a herd 
of goats. Two products are available, namely medroxyprogesterone acetate 
(MAP; Veramix, Rajkumar et ^ . , 1989) and fluogesterone acetate (FGA; 
Chronogest, Wishart, 1971; Moore et al., 1985/86). Sponge insertion
times for sheep are generally 14-18 days, but some workers report that 
longer periods are needed in goats (18-21 days) (Corteel, 1977). 
Oestrous onset occurs some 12-36 hours after sponge withdrawal. Sponges
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are inserted along with an antibiotic cream to reduce the occurrence of 
vaginitis.
To time ovulation for artificial insemination (Al) or to advance 
the breeding season, by up to two months, sponges are used in 
conjunction with FSH (in the form of pregnant mares serum gonadotrophin, 
PMSG). Forty-eight hours before sponge withdrawal, or at the time of 
sponge removal, PMSG is injected to mimic the FSH and LH activity of the 
anterior pituitary. Where Al is used, a low dose of PMSG is administered 
(300-400 iu). However, for the induction of early ovarian activity, 
higher doses are generally used (750-800 iu) (Corteel, 1977). Corteel 
(1977) reports a 95% success rate using a treatment regime where sponges 
are inserted for 18-21 days with 400 iu of PMSG at sponge withdrawal. 
However, PMSG treatment does not appear to increase the fertility or 
fecundity of goats (Moore et ^ . , 1985/86; Rajkumar ^  , 1989). This
topic is covered in great detail by Henderson (1987) and Mews (1981).
1.2.3.2 Prostaglandin treatment
Prostaglandin F2^2pha ^^^2alpha^» its analogues, are luteolytic 
in the goat and can be used to induce oestrus and ovulation during the 
breeding season when a CL is present on the ovary (between ovulations). 
Therefore, PGf2alpha be used purely for oestrous synchronization and 
not to advance breeding. Up to day 4 or 5 of the oestrous cycle, the CL 
is refractory to PGF2alpha treatment, but after this time luteolysis is 
usually complete within 24 h. One problem with the use of this compound 
is that it is difficult to predict the response to PG^2alpha 
administration since the exact stage of the cycle in individuals may not 
be known. To overcome this difficulty two injections of PGF2^2pha 
administered; the first around day 4 of the cycle and the second 9-11
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days later (Ott ^  , 1980a; Ott, 1982; Tamanini et , 1986;
Henderson, 1987). Doses of P^F2alpha ^^^d for luteolysis are 8-15 mg or
62.5 pg of the analogue, cloprostenol (Perera et al., 1978; Mgongo, 
1987). Plasma LH and progesterone concentrations have been measured in 
goats with normal oestrous cycles after PGF2alpha (Bosu et , 1970; 
Ott et , 1980b; Bretzlaff et , 1988) and found to be within the 
normal range (Bretzlaff et ^ . , 1988). However, in goats with short- 
duration oestrous cycles plasma LH concentrations were reduced and the 
time delay between PGl’2alpha administration and the LH surge was 
increased. Since PGF2alpha luteolytic it is an abortifacient in 
species, such as the goat, where pregnancy depends on the presence of a 
CL (Henderson, 1987).
1.2.3.3 The male effect
Ovulation and cyclical oestrous activity can be induced in a group 
of anoestrous females by the introduction of males (Shelton, I960; Ott, 
1980c; Pelletier et ^ . , 1987). In seasonally breeding goats this effect 
only occurs just before, or during, the breeding season and is used to 
achieve oestrous synchronization within a herd. However, in tropical 
goats the introduction of a male is effective all year round in inducing 
oestrous onset, as demonstrated by Chemineau and colleagues(1984). The 
male effect can be used to determine the depth of anoestrus of the 
females; a deep anoestrus is associated with a low induced ovulatory 
response, a long time interval between male introduction and ovulation, 
a high proportion of short ovulatory cycles, and a low percentage of 
oestrus associated with ovulation (Chemineau et ^ . , 1984). The male, or 
'buck effect ', can be used in conjunction with progestagen sponges to 
increase successful mating at first service. Intact or 'teaser' bucks
17-
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(vasectomized males, androgenized females or intersex males) may be used 
with the same outcome. Usually a ’teaser’ is run with the herd before 
the start of the breeding season to synchronize first oestrus; this is 
then substituted for an intact male when the females show signs of 
behavioural oestrus. The male effect is elicited by the characteristic 
male odour; a ’billy rag’ has the same effect as the presence of a male 
goat and is sometimes used instead of a ’teaser’ (Pelletier et al., 
1987; Henderson, 1987).
1.2.3.4 Gonadotrophin releasing hormone
Recently a report has shown that administration of hypothalamic 
GnRH induces ovulation in seasonally anoes trous dairy goats (Knigjit et 
al., 1988). Progestagen-primed (sponges), seasonally anoestrous,
lactating goats were treated with 1500 ng GnRH every 2 h for 52-78 h in 
May. A preovulatory surge in LH was detected 40-60 h after sponge 
removal. All animals exhibited behavioural oestrus, ovulated, and were 
mated, resulting in normal pregnancies and an advance of the breeding 
season by 3-4 months. GnRH, therefore, provides a reliable method of 
advancing the breeding season of dairy goats, even at peak lactation 
(Knight et , 1988), but the practicality of this treatment requires 
assessment.
1.2.3.5 Artificial insemination
Due to the small size of many herds in Britain, it is usually 
uneconomical to keep breeding males. Al provides a solution for this 
problem but its use has largely been restricted to the established dairy 
breeds (Shelton, 1978). Both fresh and frozen semen can be used, with 
varying degrees of success; fresh semen is generally more successful, 
with up to 70% conception, while only 22-60% successful conception is
— 18—
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achieved when using frozen semen (Corteel et , 1974). Al is generally 
used when combined with oestrous synchronization for increased 
conception (Shelton, 1978; Henderson, 1987).
1.2.3.6 Induction of parturition
For better herd management it is generally advantageous for kidding 
to take place within a specified time. This may require induction of 
parturition near to term, especially if oestrus was not synchronized at 
the onset of the breeding season. Luteolytic compounds, such as 
PGF2 3ipha its analogue, cloprostenol, are used in doses of 20 mg and 
150 pg respectively, between 136 and 144 days of gestation to induce 
parturition. Corticosteroids, such as dexamethasone, can also be used in 
doses of 16 mg at day 144 gestation for parturition induction. A general 
treatment regime for sychronization of parturition within a herd would 
be administration of the inductive agent within 5-6 days of the mean 
kidding date of the herd (Ott, 1982; Henderson, 1987).
1.2.4 Conluding Remarks
This concludes a brief introduction to goat breeding and 
management, as well as the commonly used methods for manipulation of 
goat reproduction in use by veterinary surgeons in Britain. One method, 
which has not been discussed, is the use of photoperiod to control 
oestrous onset; this will be discussed in detail in Section 1.7.1. Goat 
reproduction and manipulation of breeding seasons is discussed in more 
detail by Shelton (1978), Ott (1982), Randall (1982), Henderson (1987) 
and Pelletier and colleagues (1987).
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1.3 THE PINEAL GLAND
1.3.1 The History of the Pineal Gland
As early as the third Century B.C. the existence and anatomical 
relations of the pineal gland, or organ, were known. The pineal was 
discovered by Herophilus, who described the organ as a sphincter 
regulating the flow of thought througjh the brain (review; Zrenner,
1985). In 1900, the involvement of the pineal in reproduction was first
proposed; Marburg suggested a role of the organ in the control of the
onset of puberty in humans. Forty years later, Bargraan (1943) described 
the regulation of the endocrine function of the pineal by light via the 
central nervous system. The pineal was termed a 'neuroendocrine 
transducer' by Wurtman and Axelrod (1965) to describe this function. 
Studies over the last three decades have shown that the pineal gland is 
an important endocrine organ in the regulation of seasonal reproductive 
cycles in animals where the annual cycle of breeding depends on changes 
in daylength or photoperiod, as well as being an important circadian 
rhythm regulator (Lincoln and Short, 1980; Follett, 1982; Karsch et al.,
1984).
1.3.2 Pineal Anatomy
There is great species variation with respect to the size, shape 
and exact location of the pineal. The mammalian pineal gland is situated 
between the two cerebral hemispheres of the brain. In man, the pineal 
weighs between 50-150 mg and is situated in the depression between the 
two superior colliculi of the mesencephalon, whereas, in rats the gland 
weighs in the order of 1 mg and extends from the third ventricle to 
immediately beneath the skull (Wurtman and Axelrod, 1965; Figure 1.4). 
The amphibian pineal is involved in direct photoreception and is
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Figure 1.4. Innervation of the rat (top) and human (bottom) pineal 
glands (not drawn to scale). P; pineal gland, RHT; retino-hypothalamic 
tract, SCN; suprachiasmatic nucleus, PVN; paraventricular nucleus, MFB; 
median forebrain bundle, RF; reticular formation, IML; intermediolateral 
cell column, SCG; superior cervical ganglion, PIT; pituitary, V; third 
ventricle, OC; optic chiasm (redrawn from Tamarkin et al., 1985, and 
Klein, 1979).
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referred to as the ’third eye’ (Collin, 1971; Vollrath, 1981); 
photoreceptive cells within the parenchyma of the pineal respond 
directly to environmental light with the generation of nerve impulses 
(Dodt and Jessen, 1962). In lower vertebrates the pineal also acts as a 
thermo-transducer and both light and temperature cycles are able to 
entrain pineal rhythms (Underwood, 1990). The pineals of birds, fish and 
reptiles possess a mixed photoreceptor and secretory function. However, 
in the mammalian pineal the photoreceptor elements are not found 
(Vollrath, 1981).
The pineal gland originates in the brain of the developing 
mammalian embryo from the posterodorsal region of the diencephalic roof. 
The parenchyma cells of the pineal are termed ’pinealocytes’ and are 
modified photoreceptor cells. A variety of cells are found to comprise 
the pineal gland, such as glial cells, astrocyctes, interstitial cells 
and, occasionally, a few pigment-containing cells (Pevet, 1981; 
Vollrath, 1981).
1.3.3 Innervation of the Mammalian Pmeal
1.3.3.1 The retina-pineal multisynaptic pathway
Pinealocytes are innervated by sympathetic neurones whose cell 
bodies lie in the superior cervical ganglia (Kappers, 1960). The pineal 
is anatomically connected to the retina in the eye by a complex, 
multisynaptic neural pathway. Axons from the retinal ganlion cells leave 
the eye via the optic nerve to make synaptic connections with cells in 
the suprachiasmatic nucleus (SCN) in the anterior hypothalamus of the 
brain. A multisynaptic pathway, via the paraventricular nucleus (PVN) 
(Klein et ^ . , 1983) and the brain stem, connects the SCN to
preganglionic sympathetic neurones in the intermediolateral cell columns
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of the upper thoracic spinal cord. Axons from these preganglionic 
neurones exit the spinal cord in the ventral roots to synapse on cells 
in the superior cervical ganglia. Postganglionic fibres from the 
perikarya in the ganglia enter the cranium via the internal carotid 
plexus to eventually synapse on pinealocytes (Tamarkin et , 1985; 
Vollrath, 1981; Figure 1.4 and 1.5).
The SCN is referred to as a 'central rhythm generator’ since 
lesioning of the SCN (Klein and Moore, 1979), or lesions between the SCN 
and the pineal (Moore and Klein, 1974), abolish the endogenous daily 
rhythms in serotonin N-acetyltransferase (SNAI) activity and melatonin 
(alfT) production. These circadian rhythms can persist in constant 
darkness (Ralph ^  ^ . , 1971) but disconnection of the SCN from the 
retina, leading to an inability to detect photoperiod, results in a 
free-running SNAI/aMT rhythm i.e. a rhythm not entrained to the 24-hour 
light-dark cycle. The SCN is not the only oscillator driving biological 
rhythms, and reports have suggested that the SCN interacts with other 
oscillators within the body (Folkard e^ al., 1984).
1.3.3.2 Noradrenergic stimulation of melatonin synthesis
In mammals, the synthesis of the pineal hormone, aMT, occurs in 
response to noradrenergic stimulation of the pinealocyte, which leads to 
a cascade of biochemical processes resulting in aMT production. 
Noradrenaline (NA), released from the nerve terminals of postganglionic 
neurones, provides sympathetic innervation to the pineal and acts via 
alpha^- and beta^-adrenoreceptors. These adrenoreceptors act via the 
cyclic adenosinemonophosphate (cAMP) second messenger system; the 
increase in cAMP mediated by beta^-adrenergic activation is potentiated 
by an increase in calcium ion influx from the interstitial fluid
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Figure 1.5.(a) Schematic representation of pineal innervation, RHT; 
retino-hypothalamic tract, SCN; suprachiasmatic nucleus, PVN; 
paraventricular nucleus, HB; hind brain, SC; spinal cord, SCG; superior 
cervical ganglion, PreGF; preganglionic fibres, PostGF; postganglionic 
fibres, PK; protein kinase, 5-HTRYP; 5-hydroxytryptophan, 5-HT; 5-
hydroxytryptamine, N-AS; N-acetylserotonin, Prot Synth; protein 
synthesis. See below for details of further abbreviations.
cAMP
SNAT
Figure 1.5.(b) Transduction mechanisms involved in the biosynthesis of 
melatonin, o(,; alpha^-adrenergic receptor, B; beta-adrenergic receptor, 
C; adenylate cyclase, ATP; adenosine triphosphate, cAMP; cyclic 
adenosine monophosphate, SNAT; serotonin-N-acetyltransferase, HIOMT 
hydroxyindole-O-methyltransferase, PI; phosphatidylinositol, IP
inositol phosphate, DG; diacylglycerol, PKC; protein kinase C, G 
stimulatory guanine nucleotide binding protein, PLC; phospholipase C 
VIP; vasoactive intestinal polypeptide (redrawn from Su^en, 1989),
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surrounding the pinealocytes, an increase in inositol phospholipid (IP) 
turnover in the pinealocyte membrane and prostaglandin and leukotriene 
synthesis, all produced by alpha^-adrenergic stimulation (Klein, 1985; 
Santana et , 1989; Cardinali and Vacas, 1987; Sugden, 1989). An 
increase in intracellular cAMP promotes the synthesis of a specific 
protein kinase which activates and stabilizes SNAT, an enzyme essential 
for the synthesis of aMT (Ebadi, 1984; Klein, 1985). Noradrenergic 
stimulation of the pineal also influences the enzymic activités of 
tryptophan hydroxylase and hydroxyindole-Omethyl transferase (HIOMT) 
(Sudgen and Klein, 1983) needed for aMT synthesis, as well as promoting 
a dramatic increase in intracellular cyclic guanosinemonophosphate 
(cQ4P) levels. The influence of the latter effect is as yet unknown.
The pineal also receives a neural input from the brain via the 
pineal stalk, but the exact function of this central innervation is 
u]iknown (Korf and Holler, 1984). Neurotransmitters and modulators in 
this central pinealopetal pathway include several neuropeptides and 
amino acids, such as gamna-aminobutyric acid (GABA) (Ebadi and Chan, 
1980), glutamate (Govitrapong et ^ . , 1986), substance P and vasoactive 
intestinal polypeptide (VIP) (Korf and Holler, 1984), as well as 
biogenic amines, such as serotonin (Govitrapong ^  ^ . , 1984),
acetylcholine (Taylor et ^ . , 1980) and dopamine (Cardinali and Vacas, 
1987; Sudgen, 1989; Figure 1.5). Receptors for these compounds have been 
located on the cell membranes of rat, sheep and bovine pineals, but the 
precise function of these numerous receptors is unknown and highlights 
the complexity of pineal aHT regulation.
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1.4 MELATONIN: THE PINEAL HORMONE
1.4.1 Synthesis of Melatœiin
The main secretory product from the pineal is the methoxyindole 
hormone, aMT (5-methoxy-N-acetyltryptamine). Melatonin was first 
isolated and characterized over thirty years ago by Lemer and 
colleagues (1960), who extracted the hormone from bovine pineals. The 
pineal gland also contains a number of other biologically active 
substances, such as indoles and peptides, but by far the most important 
compounds are the methoxyindoles, especially aMT. In the mammal, aMT is 
synthesized mainly in the pineal, with small amounts being synthesized 
in the Harderian glands, gut and retina (Wurtman and Axelrod, 1965; 
Axelrod, 1974; Tamarkin et ^ . , 1985; Wiechmann, 1986; Redburn and 
Mitchell, 1989). Hydroxylation of the amino acid, tryptophan, by the 
enzyme tryptophan hydroxylase, followed by decarboxylation by aromatic 
amino acid decarboxylase, results in the synthesis of the biogenic 
amine, 5-hydroxytryptamine (serotonin). Serotonin is acetylated at the 
N-position by SNAT to form N-acetylserotonin. SNAT is usually considered 
to be the rate-limiting enzyme in the aMT biosynthetic pathway and, like 
aMT, the activity of this enzyme varies diumally within the pineal; 
activity may change 30-70 fold from day to night (Klein and Weller, 
1970). N-acetylserotonin is methylated at the 0-position by HIOMT to 
form aMT (Figure 1.6). HIOMT also has a diurnal variation in activity in 
the pineal, this rhythm being small compared to that of SNAT (Klein,
1979). The precursor of aMT, serotonin, shows a circadian rhythm which 
is 180^ out of phase with those of SNAT and HIOMT ^ and was the first 
circadian rhythm to be discovered in the pineal (Quay, 1963; Klein, 
1979; reviews, Axelrod, 1974; Sugden, 1989; Figure 1.7).
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Figure 1.6. Biosynthesis of melatonin.
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Figure 1.7. Twenty-four hour variations in pineal enzyme activity and 
pineal content of serotonin, N-acetylserotonin and melatonin in the rat 
(redrawn from Klein, 1979).
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Other methoxyindoles synthesized within the pineal include 5- 
methoxytryptamine and 5-methoxytryptophol (Pevet ^  , 1983; Skene ^
1^» * 1986; Skene and Arendt, 1989). All have minor physiological
importance ccwnpared to aMT (Smith, 1983).
1.4.2 Metabolism of Melatooin
Administration of radiolabelled aMT to rats and mice has shown that 
aMT is metabolized by the liver microsomal system into 6- 
hydroxymelatonin. This liver metabolite is conjugated to either a 
sulphate or glucuronide group to form 6-sulphatoxymelatonin (aMT6s) or 
6-hydroxymelatonin glucuronide respectively, which are excreted in the 
urine (Kveder and Mclsaac, 1961; Kopin et al., 1961), In rats, the major 
secretory metabolite appears to be aMT6s, in the form of which 55-80% 
aMT is secreted; however, this is not the case for sheep, where aMT6s 
does not seem to be the major metabolite (English et , 1987b). Less 
than 1% aMT is excreted unchanged, while a proportion (up to 12%) is 
excreted as N-acetyl-5-methoxykynurenamine, a non-indolic metabolite
Administration of exogenous aMT to rats and man results in 
metabolism of aMT into N-acetylserotonin, as well as 6-hydroxymelatonin 
(Leone and Silmon, 1984; Young ^  ^ . , 1985). These studies employed a 
gas chrcxnatography-mass spectrometry (GC-MS) method to detect N-ace tyl 
conjugates in the urine, and suggested that previous methods using thin 
layer chromatography were inadequate to detect this conjugate (Leone et 
al., 1987). Recently a cyclic isomer of 2-hydroxymelatonin has been 
identified in the urine of rats and man after administration of 
synthetic aMT, and accounts for about 5% of the urinary aMT metabolites 
(Vakkuri et ^ . , 1987). Figure 1.8 summarizes the metabolic pathways for 
aMT in mammals.
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Figure 1.8. Metabolism of melatonin. (1) melatonin, (2) 6-hydroxy­
melatonin, (3) 6-sulphatoxymelatonin, (4) 6-hydroxymelatonin 
glucuronide, (5) N-ace tyl-N -f ormyl- 5 -me thoxykynur enamine, (6) N-acetyl- 
5-methoxykynurenamine, (7) N-acetylserotonin, (8) 2-hydroxymelatonin 
(cyclic isomer), S; sulphate conjugate, G; glucuronide conjugate. 
Metabolites (5) and (6) are formed in the brain, the others primarily in 
the liver.
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1.4.3 Mslatcgiin Secretory Profiles
In most mammalian species studied to date aMT production shows 
circadian variation, with high plasma concentrations observed at night 
and low secretion of aMT during the day. In both natural and artificial 
photoperiods the duration of high plasma aMT levels corresponds to the 
length of the dark phase in the light-dark cycle (Rollag and Niswender, 
1976; Rollag et al., 1978b; Arendt, 1979; Kennaway et al., 1983). The 24 
h aMT secretory profile also varies circannually in most animals; a 
short profile is observed during the summer and a long, possibly lower 
amplitude profile in the winter (Rollag and Niswender, 1976; Rollag et 
al., 1978b; Arendt, 1981). Via the changing aMT signal throughout the 
year photoperiodic information, regarding changes in the seasons, is 
relayed to the animal. The pattern of the 24 h aMT profile, especially 
the duration of secretion, appear to be critically important in the 
mechanism of information transfer (Goldman, 1983), a subject that will 
be discussed in more detail later (Section 1.6). Arendt and colleagues 
(1981b) demonstrated a close relationship between the duration of high 
plasma aMT and natural darkness througjiout the year in sheep. During 
anoestrus (sunsner) the 24 h profile appeared to be unimodal, whereas 
during the breeding season (autumn) a bimodal pattern of aMT secretion 
was observed, suggesting that the shape of the profile is important for 
the transfer of photoperiodic information regarding the seasons. 
However, interpretation of these results is complicated by infrequent 
sampling ( 3-hourly) and bimodality was more evident in individual 
profiles than in group data.
With frequent sampling intervals (30-seconds) from cannulated sheep 
English and coworkers (1987a) have observed episodic variation of plasma
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aMT at night in unstressed animals (as assessed by plasma cortisol). 
Similar observations were made by Cozzi and colleagues (1988) who 
measured the episodic release of aMT in the cerebral ventricular sinuses 
every 15-20 minutes. The physiological importance of these aMT pulses to 
the seasonal breeder is unknown.
Distinct 24 h aMT rhythms have been measured in the ventricular 
cerebrospinal fluid (CSF) of cattle (Hedlund et , 1977), sheep 
(Rollag ^  , 1978a; Shaw et ^ . , 1989) and goats (Kanematsu ^  al.,
1989). Nocturnal CSF aMT concentrations in the goat were found to be an 
order of magnitude greater than in the plasma,and this night-time rise 
was completely abolished by pineal sympathetic denervation (Kanematsu et 
al., 1989). Similar observations were reported in the sheep where a 10- 
fold difference was found between ventricular CSF and plasma aMT 
concentrations (Shaw et ^ . , 1989). These studies indicated that aMT has 
direct access to the brain ventricular system and, once within the 
blood-brain barrier, there is rapid turnover of aMT.
1.5 THE EFFECTS OF PINEALECTOMY AND SUPERIOR CERVICAL
GANCLIONECTOMY ON SEASONAL REPRODUCTIVE CYCLES 
Removal of the pineal gland results in an absence of detectable aMT 
in the periphery (Arendt et ^ . , 1980; Kennaway et , 1982/83; Bittman 
et al., 1983a) while superior cervical ganglionectomy disrupts the aMT 
rhythm resulting in reduced secretion, and the rhythm being uncoordin­
ated with the light-dark cycle (Lincoln and Short, 1980), both rendering 
the animal unable to detect, and initiate the appropriate response to 
changes in photoperiod.
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1.5.1 Removal of the RLoeal Glani
Early work in the ewe led to the conclusion that the pineal was not 
necessary for the regulation of reproduction in this short-day breeder; 
pinealectomy did not alter oestrous cycles in Suffolk ewes (Roche et 
al., 1970) and had little effect on the seasonal cycles of cross-bred 
Merino ewes (which are not markedly seasonal) over a number of years 
(Matthews ^  1981). These results suggest that either there is an
endogenous rhythm of reproduction in the ewe which drives persistent 
seasonal cycling in pinealectomized (Pnx) animals, or that seasonality 
is driven by other environmental zeitgebers, such as temperature, 
humidity and nutrition, or a combination of both.
Subsequent studies, however, indicated that pinealectomy renders 
the animal unable to respond to artificial changes in photoperiod. This 
was elegantly demonstrated in the ovariectomized (Ovx), oestradiol- 
implanted ewe model (Karsch et ^., 1984); during the autumn, at the 
beginning of the breeding season, the hypothalamus becomes less 
sensitive to the negative feedback influence of gonadal steroids, thus 
initiating an increase in peripheral LH. The change in sensitivity of 
the hypothalamus to steroidal actions is modulated by photoperiod 
(Karsch et ^ . , 1984). Castration of the animal removes the influence of 
the gonads on the hypothalamus and elevated LH levels are maintained. 
Implantation of females with oestradiol restores constant physiological 
plasma steroid levels without the natural fluctuations in oestradiol 
production. The influence of oestradiol on the hypothalamus is restored 
and seasonal LH fluctuations are induced without the complications of 
variations in natural steroid secretion from the gonads (Pelletier and 
Ortavant, 1975; Legan et al., 1977; Goodman et al., 1982; Glass, 1987).
-33-
1. Literature Review
Pinealectomy abolished the increase in plasma LH following a switch from 
long-days (LD) to reproductively stimulatory short-days (SD) during the 
sumer, in Ovx, oestradiol-implanted ewes (Bittman et al., 1983a;
Karsch, ^  ^ . , 1984; Kennaway ^  ^ . , 1984a). If the animals were Pnx 
during the breeding season LD failed to induce reproductive arrest 
(Karsch et ^ . , 1984).
The long-term effects of pinealectomy on the ewe (Kennaway et ,
1985) and the ram (Lincoln et ^ . , 1989) have been monitored (review; 
Kennaway, 1988). Kennaway and coworkers (1985) removed the pineal from 
pubertal ewes at 7.5 months of age. After 5 years they displayed normal 
timed breeding seasons, but without the usual annual pattern of 
sensitivity to oestradiol negative feedback as assessed by plasma LH 
concentrations. Pinealectomy of prepubertal ewes, at 2.5 months of age, 
delayed puberty onset; two years later, the breeding seasons of the Pnx 
ewes were out of synchrony with those of intact ewes. Prepubertal Pnx 
ewes maintained an LH sensitivity to oestradiol consistent with their 
own breeding seasons. These observations also show that the pineal plays 
an important role in the timing of puberty in the female sheep, which is 
reviewed extensively by Foster and coworkers (1988) and Ebling and 
Foster (1989), as well as in Chapter 11 of this thesis.
Pinealectomy has been shown to influence the secretion of PRL, a 
lactogenic hormone with a circannual rhythm modulated by photoperiod and 
temperature (Ravault, 1976). In seasonally breeding ruminants, plasma 
PRL concentrations are high during the summer (anoestrus) and low during 
the winter (breeding season, goats; Buttle, 1974). Although seasonal 
variations in PRL occur, they are not an obligatory part of the seasonal 
reproductive changes (Land et ^ . , 1980; Schanbacher, 1980).
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Pinealectomy prevents the effects of photoperiod on PRL secretion and 
abolishes the seasonal rhythm (Brown and Forbes, 1980; Kennaway et al., 
1981; Kennaway ^  ^ . , 1982/83; Brinklow and Forbes, 1984b; Poulton et 
al., 1989). However, pinealectomy did not disrupt the 24 h pattern of 
PRL secretion; the peak of prolactin at the beginning of the dark phase 
remained after the removal of the pineal (Brown and Forbes, 1980; 
Brinklow and Forbes, 1984b). These studies suggest that the effect of 
photoperiod on seasonal changes in PRL levels in sheep is not mediated 
by the same mechanism that controls the circadian surge of PRL at dusk. 
Pinealectomy had no effect on cortisol or testosterone secretion 
(Kennaway et ^ . , 1981; Brinklow and Forbes, 1984b) in the sheep.
Disruption of the seasonal cycle of PRL secretion was also observed 
in deer after pinealectomy; Schulte and colleagues (1981) pineal­
ectomized both male and female white-tailed deer and observed disruption 
of the cycle in the males while the rhythm was maintained in the does. 
Both sexes retained a degree of seasonality in their responsiveness to 
TRH, which stimulates PRL secretion, but the size of the response was 
greatly reduced in the sunmer and increased during the winter in Pnx 
animals. Brown and coworkers (1978) have described modifications of 
somatic and gonadal functions in white-tailed deer following 
pinealectomy.
1.5.2 Denervation of the Pineal Gland
Superior cervical ganglionectomy (SCGx) destroys the ability of the 
animal to respond to changing artificial photoperiod (Lincoln, 1979); 
sympathetic input to the pineal is removed resulting in pineal 
denervation and a loss in the photoperiodic response. Removal of the 
superior cervical ganglion, or denervation of the pineal, abolishes
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periodic aMT secretion; aMT appears still to be synthesized in small 
amounts but production is not coordinated with the light-dark cycle 
(Lincoln et , 1982; Lincoln and Short, 1980).
Bilateral anterior cervical ganglionectony of the goat renders PRL 
secretion uncoordinated with the prevailing photoperiod (Buttle, 1977); 
anterior cervical ganglionectomy of male goats during the summer, when 
PRL is high, had no effect on production, but pineal denervation in the 
winter advanced the normal seasonal rise in plasma PRL. Subsequent work 
indicated that removal of the pineal sympathetic innervation by SCGx in 
goats also resulted in the abolition of the circannual change in aMT 
secretion (Maeda ^  ^ . , 1986; Mori and Okamura, 1986). Maeda and 
coworkers (1986) bilaterally SCGx female Saanen goats during the 
breeding season,and while the goats were being held under an artificial 
SD lighting regime. Both SCGx and intact goats continued to ovulate and 
plasma PRL levels remained low during SD exposure. After exposure to a 
LD photoperiod intact animals ceased to have oes trous cycles, and PRL 
secretion increased. For the first 150-200 days of exposure to LD, high 
plasma PRL levels were maintained, after which the goats became 
photorefractory to the LD photoperiod, PRL spontaneously decreased and 
ovulation commenced again. Exposure of SCGx goats to a LD lighting 
regime did not suppress ovulation, in all the goats, and plasma PRL 
levels remained at basal concentrations. These results suggest that 
pineal denervation renders the animal unable to perceive and respond to 
changes in photoperiod, due to the loss of the circadian aMT signal. 
Infusion of a SD aMT profile (8 h melatonin infusion) into SCGx goats 
suppressed PRL secretion, throughout the day, to levels comparable to 
those observed in intact goats held under a SD photoperiod. A 16 h LD
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aMI infusion into SCGx goats, in ccMparison with a saline infusion, 
accelerated PRL secretion and induced a nocturnal rise comparable to
that seen in intact goats held under a LD photoperiod (Mori and Okamura, 
1986). The prevailing photoperiod had no effect on these PRL responses 
to exogenous aMT administration in SCGx goats (review; Maeda et al., 
1988).
1.6 HOW DOES MELATONIN CODE FOR DAYLENGTH IN THE SEASONAL BREEDER?
The pineal gland, and especially its active agent aMT, plays an 
essential role in both the long- and short-day breeder in relaying 
inhibitory and stimulatory photoperiod cues to the reproductive axes. 
The reproductive response in long-day breeders, such as the hamster 
(Bittman and Zucker, 1981), is induced by increasing daylength; exposure 
to SD is inhibitory to the reproductive axis. Daily injections or long- 
duration infusions of aMT into hamsters mimic short photoperiods and 
induce testicular regression and cessation of ovarian cycles (Tamarkin 
et al., 1976; Carter and Goldman, 1983). Short-duration aMT infusion to 
mimic LD, on the other hand, is stimulatory to the hamster reproductive 
axis, inducing testicular growth in males and onset of oestrous cycles 
in females (Tamarkin et ^ . , 1976; Carter and Goldman, 1983). However, 
in short-day breeders, such as sheep, the reproductive response is 
elicited by decreasing daylength and long-days are inhibitory. Nightly 
long-duration infusion of aMT into Pnx sheep, or daily aMT feeding in 
the late afternoon to intact sheep, are stimulatory and mimic the 
effects of short photoperiods on reproduction in ewes (Kennaway et , 
1982a and b; Arendt et , 1983b; Bittman et ^ . , 1983b). Short- 
duration aMT infusion into sheep, to mimic a LD profile, is inhibitory
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to the reproductive axis. Depending on the reproductive physiology of 
the species in question, the same daylength signal is not interpreted in 
the same manner and different reproductive responses are induced.
How is the Melatcmin SigPcLl Read : Introduction to the 
%potheses
At present there are two general theories to explain how the aMT 
signal codes for daylength (Figure 1.9); either the duration of the 
nocturnal aMT secretion signals the length of the night and daylength is 
recognized as an 'interval timer’ (Carter and Goldman, 1983; Goldman et 
al., 1984; Dowell and Lynch, 1987), or the phase of aMT release with
respect to the light-dark cycle transfers information concerning
photoperiod and circadian rhythms are involved in daylength perception 
(Bunning, 1936 and 1973; Stetson et al., 1986). The latter theory 
possesses two models; the ’external’ and ’internal’ coincidence models. 
The external coincidence model proposes a aMT-sensitive phase of the 
day, which is entrained by the light-dark cycle. Under sufficiently
short photoperiods the phase of aMT sensitivity coincides with the 
period of aMI secretion to elicite a response (Figure 1.9). The internal 
coincidence model proposes that there are two or more circadian rhythms 
which change their phase-relationships in long or short photoperiods; a 
response is induced only under certain phase relationships (Pittendrigh, 
1972 and 1976, reviews; Follet, 1982; Illnerova, 1988). Other parameters 
of the aMT signal, such as amplitude (above a critical limit, as yet 
undefined) and total amount of aMT secreted, are less important in
general explanations as to how aMT codes for daylength.
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Figure 1.9. Models of the possible ways of measuring daylength. Interval 
timer; product is generated during the night and the length of the night 
is measured by the duration of product generation. Light terminates and 
resets the mechanism. Lights-on (dawn) or lights-off (dusk), indicated 
by S, may be circadian signals required for the generation of product or 
product generation may be in response to darkness. External coincidence;
a photosensitive phase (....) entrained to the daily light-dark cycle
coincides with the dark phase only under short photoperiods. Interaction 
of photosensitive targets and ’product' induces a response. Internal 
coincidence ; two or more circadian rhythms change their phase- 
relationships in long and short photoperiod and the state of the phase- 
relationships determines the photoperiodic response (redrawn from 
Arendt, 1986).
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1.6.2 The Duration versus the Coincidence Hypotheses
Most of the experimental evidence in sheep reported to date 
(reviews; Arendt ^  , 1988; Karsch ^  , 1988) supports the theory
that the duration of nocturnal aMT secretion signals the length of the 
night. Bittman and Karsch (1984) infused Pnx, Ovx, oes tradiol-implanted 
ewes with various inhibitory and stimulatory aMT patterns under long- 
and short-day photoperiods, and monitored the response of the ewes to 
oestradiol negative feedback on LH. When a LD aMT profile was infused 
under a SD lighting regime, plasma LH levels dropped, Pnx ewes, 
transferred from a LD to a SD photoperiod, exhibited a marked rise in 
plasma LH, provided the infused aMT profile was switched to a long 
duration (SD) pattern.
Yellon and colleagues (1985) confirmed the duration hypothesis by 
infusion of a SD aMT profile (long duration) into Pnx ewes which had 
been held under a LD photoperiod for 90 days. Again reproductive status 
was monitored from the response to oestradiol negative feedback on LH; 
the SD aMT profile provoked an increase in LH comparable to that 
observed in pineal-intact ewes transferred from long to short days, and 
supports the duration hypothesis.
In a subsequent study by Wayne and coworkers (1988a) physiological 
levels of serum aMT were restored in Pnx, Ovx, oestradiol-iraplanted 
ewes. Melatonin was restored with rises of the same duration as the dark 
phase at the time of the experiment, but these rises occurred at 
different stages of the light-dark cycle. Melatonin was administered 
using battery-operated infusion pumps which could be carried by the ewe 
and programmed to turn on and off to the nearest minute. The ewes were 
primed over an 8 month period with 90 days of a LD aMT infusion (8 h
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infusion) during an 8 h artificial night, 90 days of a SD aMT infusion 
(16 h) during a 16 h artificial night and, finally, 64 days of a LD aMT 
infusion. This priming period synchronized reproductive activity among 
the sheep, and demonstrated that the ewes were able to respond to the 
aMT signals with rises and falls in plasma LH levels in the presence of 
constant plasma oestradiol concentrations, i.e. aMT was able to mimic 
the ’neuroendocrine season’ (Karsch et , 1984). During the
experimental period a LD aMT pattern (8 h infusion) was administered 
during the middle of the day in order to miss any sensitive period 
which, if it existed, would coincide with at least a portion of the dark 
phase when aMT is usually secreted. The ewes interpreted the 8 h block 
of aMT in the middle of the day as an inhibitory signal, and plasma LH 
failed to increase. These observations are consistent with the 
hypothesis that the duration of high aMT mediates the reproductive 
response and provide evidence against the coincidence or phase 
hypothesis (Bittman and Karsch, 1984; Yellon et , 1985; Wayne et al., 
1988a).
Further evidence supporting the duration hypothesis ccmies from 
experiments performed by English and coworkers (1988); during the 
breeding season the aMT secretory pattern in intact ewes was entrained 
to a 22-hour light-dark cycle of long (16L:6D) or short (6L:16D) 
photoperiod. When the duration of aMT secretion corresponded to the long 
photoperiod (16L:6D), but with a constantly changing phase position with 
respect to the 24 h day, reproductive activity ceased. This experiment 
supports the view that the duration, and not the circadian phase, of aMT 
secretion is the critical parameter inducing photoperiodic response.
However, the duration hypothesis may be an over-simplification.
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since animals in a natural photoperiod are exposed to gradual changes in 
daylength throughout the year. Reports in the sheep and the hamster show 
that the same duration of elevated aMT has opposite effects on 
reproductive activity depending on the previous aMT pattern to which the 
animal was exposed (Hoffman ^  , 1986; Robinson and Karsch, 1987;
Hastings et al., 1987). Therefore it is the relative change in duration 
of night-time aMT secretion, and not the absolute duration, that conveys 
photoperiodic information to the reproductive axis.
The phase hypothesis cannot be completely ruled out, however 
(Ravault and Thimonier, 1988). The hypothetical band of aMT sensitivity 
may be broader than the dark phase and daytime infusion of aMT may still 
overlap with this period. Also, the period of sensitivity to aMT could 
be entrained by factors other than the light-dark cycle, such as the aMT 
rhythm itself (Stetson et ^ . , 1986).
1.6.3 Haotorefractoriness Times the Breeding Season of the 
Short-Pay Breeder
The duration hypothesis describes the way the aMT signal codes for 
daylength and how photoperiod is perceived by the seasonal breeder; how 
does tills aMT signal actually regulate the breeding season in the short- 
day breeder? Although sheep are regarded as short-day breeders, 
daylengths at the start of the breeding season in the autumn of non- 
equatorial climates (September; 14 h) are, on average, 2.5 h longer than 
those at the end of the breeding season (February; 11.5 h). The breeding 
season of the sheep is assymraetrical in relation to the annual photo­
periodic cycle (Robinson and Karsch, 1984). Why should oestrous 
cyclicity in a short-day breeder cease when photoperiod is, in effect, 
stimulatory to the reproductive axis compared to that at the start of
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the breeding season?
At the end of the breeding season short-day breeders cease 
reproductive activity, not because they are actively inhibited by 
increasing daylengths, but because they lose the ability to respond to 
the prevailing SD photoperiod and become photorefractory (Robinson and 
Karsch, 1984), Ovx, oestradiol-implanted ewes were kept on winter 
solstice hold (10L:14D) from the winter solstice onwards. Transition into 
anoestrus was determined from the spontaneous decline in plasma LH 
concentrations. The breeding season of these ewes was not prolonged 
compared to controls held under a natural increasing photoperiod; LH 
plunmeted at the same time in both groups of animals, even though the 
photoperiod remained stimulatory for the ewes on winter solstice hold 
(Robinson and Karsch, 1984). The ewes had beccane photorefractory to the 
stimulatory SD photoperiod. Reproductive refractoriness, induced by 
12L:12D in the ewe, can be over-ridden by exposure to a shorter 
photoperiod (8L:16D) (Nicholls ^  , 1989). Therefore, it is the
relative change in daylength that the animal perceives and responds to. 
Likewise, if ewes are held on summer solstice hold (14L:10D), oestrous 
onset, as indicated by an increase in plasma LH in Ovx, oestradiol- 
implanted animals, occurs at the same time as in intact animals held 
under a natural photoperiod (Robinson et , 1985b; Robinson and
Karsch, 1988).
Refractoriness to LD also plays a critical role in the initiation 
and timing of the breeding season in the ewe (Robinson et ^ . , 1985a; 
Worthy ^  , 1985). Pnx ewes infused with a fixed LD pattern of aMT
became refractory after 150 days; LH increased despite the continued 
infusion of a LD aMT profile (Wayne et , 1988a). The time course for
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the development of photorefractoriness was similar to that observed in 
pineal-intact ewes held on a fixed long-day (Karsch et , 1986; 
îfelpaux ^  al,, 1988a).
1.6.4 Hypotheses to Account for the Development of 
Riotorefractoriness
Two hypotheses have been proposed to explain the involvement of aMT 
in the onset of photorefractoriness. The first theory states that 
photorefractoriness is induced by a change in the response to the aMT 
signal (Bittman, 1978), or an alteration in the post-pineal processing 
of the signal (Wayne et ^ . , 1988a), for example, down-regulation of aMT 
receptor sites. Karsch and colleagues (1986) provided experimental 
support for this hypothesis by infusing an inductive SD aMT pattern into 
Pnx ewes. Over a prolonged period of time the ewes were no longer able 
to respond to this stimulatory aMT signal and were unable to maintain 
reproductive function. Alternatively, the second theory is that 
refractoriness may be caused by a change in the pattern of aMT secretion 
so that its' relationship to the light-dark cycle is different from that 
in photosensitive sheep. Almeida and Lincoln (1984) in sheep, and Maeda 
and coworkers (1986) in Saanen goats, observed a disruption of the 
secretory pattern of aMT in photorefractory animals, whereas, Karsch and 
coworkers (1986) and Malpaux and colleagues (1987) did not. Malpaux and 
coworkers (1987) characterized the 24 h secretory patterns of aMT during 
a prolonged period of exposure to a LD photoperiod. There was no 
evidence for a change in the aMT pattern of secretion, with respect to 
phase, duration, and elevation of daytime levels, during the development 
of photorefractoriness. These discrepancies may have arisen due to 
methodological differences between the aMT assays.
—44—
1. Literature Review
1.6.5 Endoganous Rhythm of Reproducticm
Robinson and Karsch (1988) suggested that the transition between 
the breeding season and anoestrus is not specifically controlled by 
changes in ambient daylength. They proposed that the ewe possesses an 
annual rhythm of reproduction and the role of photoperiod is to entrain 
this rhythm to 365 days. Only a portion of the daylength cycle is needed 
for synchronization of the reproductive rhythm, but more extensive 
photic cues may be needed to create a breeding season of normal 
duration.
Experimental support for the theory of an endogenous annual rhythm 
of reproduction in the sheep is provided by studies performed by Malpaux 
and colleagues (1988b and c) using the Ovx, oestradiol-implanted ewe 
model. From the winter solstice until mid-March the ewes were subjected 
to either continuously decreasing artificial daylength,or continuously 
increasing duration of elevated aMT levels, during each 24 h period. 
These treatments only marginally extended the breeding season by 2-3 
weeks compared to intact controls, which were kept under winter solstice 
hold (10L:14D) until mid-March. In a second experiment, ovary-intact 
ewes experienced a 3 h reduction in photoperiod to 7L:17D, shortly after 
the winter solstice. This abrupt decrease in daylength only marginally 
delayed cessation of reproductive activity. The lack of a decrease in 
photoperiod after the winter solstice may play a role in timing the end 
of the breeding season, but the primary reason for transition into 
anoestrus is a turn-off of reproductive activity which is a result of an 
underlying endogenous rhythm of reproduction.
1.6.6 A Model for the Temporal Regulation of Breeding Seasons
A model for the temporal regulation of the annual reproductive
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cycle of the ewe has been proposed by Malpaux and coworkers (1989) and 
is presented in Figure 1.10. The model is based on the following 
conclusions: (1) For the initiation of breeding seasons during the
autumn, a lengthening of the photoperiod between the winter and summer 
solstices is essential, and exposure to decreasing daylength is not a 
pre-requisite for the initiation of the breeding season at the normal 
time. (2) The timing of exposure to this lengthening photoperiod 
determines the start of the next breeding season, and the length of this 
inductive photoperiod determines the length of the breeding season 
(Nicliolls et , 1989). (3) The natural decreasing photoperiod after 
the summer solstice, or cessation of increasing photoperiod as the 
summer solstice approaches, does not influence the time of the onset of 
the breeding season (Malpaux et , 1989). These conclusions support 
the theory of an endogenous annual rhythm of reproduction, in which the 
increasing daylengths of late winter and early spring synchronize the 
processes that lead to reproductive onset, and the long-days around the 
summer solstice are necessary to delay the breeding season until early 
autumn.
Further studies, in the same laboratory, by Wayne and coworkers 
(1988b) support the latter conclusion. Pinealectomy performed at the 
spring equinox resulted in a late, non-synchronous start to the breeding 
season due to insufficient exposure to LD. However, pinealectomy around 
the summer solstice resulted in an advanced, synchronized start to the 
breeding season. The whole annual breeding cycle of the Pnx ewe can be 
entrained to 365 days by exposure to just one 70-day period of a LD aMT 
pattern of secretion (Karsch et al,, 1989). This suggests that the long 
photoperiod of spring and early summer is needed to synchronize
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reproductive onset in the autumn (Karsch et , 1989), A similar 
observation has been made in prepubertal ewes; for puberty onset to 
occur at the normal time of year during the ewes’ first season, exposure 
of the animal to LD from 17-22 weeks of age is essential, regardless of 
the photoperiodic signals before and after this period (Foster et , 
1989; review, Foster et , 1988a). The topic of puberty is discussed 
in more detail in Chapter 11 of this thesis,
1.6,7 Concluding Remarks
In sunmary, the ewe possesses an endogenous annual rhythm of 
reproduction which is entrained to 365 days by changes in daylength, 
acting via variation in the duration of aKT secretion. The lengthening 
photoperiod in the late winter and early spring synchronizes 
reproductive onset in the autumn, and the timing of the exposure to this 
lengthening photoperiod determines the start of the breeding season.
The mechanism that actually tums-off the reproductive axis at the 
end of the breeding season is, as yet, undetermined. There is some 
evidence to suggest that the thyroid gland may play a role in the 
control of photorefractoriness in the ewe, as it does in birds (review, 
Nicholls et ^ , , 1988a). Nicholls and colleagues (1988b) have
thyroidectomized anoestrous ewes, and monitored changes in reproductive 
activity under various photoperiods. Removal of the thyroid gland had no 
effect on the timing of the onset of the breeding season in the autumn, 
but cessation of breeding and onset of anoestrus was markedly delayed in 
the thyroidectomized animals, and a number of ewes continued to cycle 
throughout the period of anoestrus. Thyroidectomy could not be used as a 
means of extending the breeding season, however, since the animals are 
often in poor health and frequently die.
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1.7 THE USE OF LIGHT AND MELATONIN TREATMENT TO CONTROL
SEASONAL BREEDING 
Creation of an artificial short-day aMT profile, either by exposure
to a short-day lighting regime or with the administration of
supplementary aMT, can mimic the onset of winter conditions required for
oestrous cyclicity, and advance the onset of the breeding season of the
short-day breeder. Melatonin administration can be in the form of
feeding, injection, subcutaneous implantation or an intraruminal glass
bolus. The use of these treatments to control and manipulate seasonal
breeding will now be discussed.
1.7.1 Li^t Treatments
1.7.1.1 Ovines
It has been known for the last half-century that photoperiod is an 
important factor in the regulation of breeding activity in the ewe 
(Marshall, 1937; Yeates, 1947). Manipulation of natural daylengths and 
exposure to artificial photoperiods have been used to show the 
relationship between changing daylength and oestrous cyclicity (Fraser 
and Laing, 1969; Ducker and Bowman, 1970; Ducker et , 1970; Newton 
and Betts, 1972); decreasing daylengths promote the onset of oestrus, 
while increasing daylengths induce the likelihood of anoestrus. Exposure 
of sheep to short daylengths during mid-summer has been shown to advance 
the start of the breeding season by up to 2 months (Schanbacher, 1980; 
Arendt et ^ . , 1983b; Poulton and Robinson, 1987). This induction of 
early oestrus is accompanied by the appropriate changes in PRL secretion 
(Schanbacher, 1980; Poulton, 1986; Poulton et al., 1987a), with exposure 
of ewes to SD during the summer suppressing PRL secretion.
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1.7.1.2 Caprines
Light treatment alone can be used to drive the breeding seasons of 
goats (Ifori ^  , 1984) and is used by a few farmers in the United
States (BonDurant et , 1981; Ashbrook, 1982; Nordfelt ^  al., 1982) 
and Britain (Farmgate, Stoke Mandeville, Aylesbury, Bucks., U.K.) on a 
commercial basis. BonDurant and coworkers (1981) induced a 10 week 
advance of the breeding season of a herd of dairy goats; from the end of 
January, for 70 days, the goats were herded into a bam and fluorescent 
lighting was switched on from 0500-2400 h each day using an automatic 
timer. Males were also light treated and then run with the females at 
grass from mid-May, resulting in 63% of females breeding out-of-season. 
In a similar experiment, Ashbrook (1982) exposed a herd of dairy goats to 
a 20 h day from January to March. When returned to a natural photoperiod 
in March (14-15 h) the goats sensed the shortened day, ovarian activity 
was initiated 7-10 weeks after the end of the light treatment period and 
the females were introduced to a light-treated male in May. Kidding took 
place during September-Noveraber, with an 80-90% success rate, and 
subsequent milk production peaked in December and January. Ashbrook
(1982) noted breed variations, with respect to the réponse to light 
exposure, and reported that winter LD light treatment was more effective 
in multiparous than in nulliparous goats. However, this treatment 
ensured a supply of fluid goats ' milk at a time of year when the 
availability of goats' milk is at its lowest.
When intact Saanen goats were kept under SD, after the winter 
solstice, oestrous cyclicity and suppression of peripheral PRL continued 
beyond the natural end of the breeding season (Mori ^  ^ . , 1984, 1985). 
After 150-200 days of exposure to SD the goats became refractory (Maeda
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et al., 1988), later than Pnx, Ovx, oestradiol-implanted ewes kept on 
winter solstice hold (Robinson and Karsch, 1984). Chronic exposure of 
goats to LD resulted in the development of photorefractoriness after 
150-200 days, leading to the onset of oestrous cycles and a decline in 
plasma PRL (Mori et , 1984; Maeda ^  , 1988).
Exposure of bucks and rams to alternate periods of long and short 
photoperiod, of approximately 2 months duration, prevents seasonal 
testicular regression and decline in libido by maintaining high plasma 
testosterone concentrations. This treatment can be used to create a ram 
or buck ’for all seasons’ (Ravault and Thimonier, 1988; Chemineau et 
1988; Schanbacher, 1988).
1.7.1.3 Cervids
Treatment of deer, another short-day breeding ruminant, with short 
photoperiods during the summer induces a 4 week advance of the breeding 
season and suppression of plasma PRL (Webster and Barrell, 1985).
1.7.2 Melatonin Treatments
1.7.2.1 Daily melatonin feeding or injection
(a) Ovines
It is well documented that aMT is able to drive the seasonal 
reproductive cycle of ovines. The breeding season of the ewe can be 
advajiced by daily subcutaneous injection of aMT (Kennaway ^  , 1982b)
or by feeding aMT absorbed onto food pellets in the late afternoon 
(Kennaway at ^ . , 1982a; Arendt ^  al., 1983b; Waller e^ ^ . , 1988), 
from mid-June onwards. Daily feeding of aMT absorbed onto food pellets 
results in a more extended profile of plasma aMT than does injection; an 
injection of aMT (100 pg) caused a transitory 2-3 h elevation of 
circulating aMT (Kennaway and Seamark, 1980; Kennaway ^  ^ . , 1982b)
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whereas feeding aMT (3 mg) maintained high plasma levels throughout the 
night when given at 1600 h (8-10 h). Digestion of the food pellet in the 
rumen presumably slows the release of aMT into the blood stream. 
Melatonin feeding to ewes in the late afternoon, in suitable quantities, 
creates an artificial SD aMT profile with circulating levels within the 
normal physiological range (Kennaway and Seamark, 1980). Oral 
administration of aMT has no apparant effect on plasma levels of FSH or 
LH, or on the frequency and amplitude of LH pulses (Kennaway e^ , 
1982a; Poulton et al., 1987a).
(b) Caprines
Previous workers have used daily intramuscular (i.m.) and 
subcutaneous injection of aMT to manipulate the breeding season of 
goats. Daily subcutaneous aMT injections (2.5 mg dissolved in 0.2 ml 
ethanol/water solution; 30:70 v/v) between 1600-1700 h, during the 
winter months, prolonged the oestrous cyclicity of Alpine goats by about 
45 days, but were not effective in inducing ovarian activity in animals 
which were not already cycling (Tamanini et ^ . , 1985). Prandi and 
coworkers (1987) used daily i.m. injection of aMT (2.5 mg) to induce a 
marginal advance of the breeding season of dairy goats when treatment 
was started in June, before the summer solstice; presumably this small, 
unsuccessful advance of the breeding season was because the goats had 
not been exposed to enough LD before aMT treatment commenced. Goats 
appear to be less sensitive to aMT treatment than sheep, since mid-June 
administration of aMT results in an advance of the ovine breeding season 
by 2 months (Arendt et ^ . , 1983b). A period of LD exposure seems to be 
an essential ingredient for oestrus induction and to obtain maximum 
sexual activity in dairy goats. Chemineau and coworkers (1986, 1987 and
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1988) induced persistent ovarian (progesterone) and pituitary (LH) 
activity in anoestrous goats after a treatment canbining a skeleton 
photoperiod, aMT and the male effect. The skeleton photoperiod was 
designed to mimic a long-day, and consisted of exposure to 2 h of extra 
light between 16-18 h after dawn for two months, coimnencing in January. 
The goats were injected daily with aMT (2.0 mg dissolved in 
ethanol/water solution; 10:90 v/v, i.m.) from March to June and a 
’teaser’ (vasectomized male or androgenized female) was introduced to 
the females in May. Oestrous behaviour and ovarian activity were 
observed in July, an advance of the breeding season by 2-3 months.
(c) Cervids
Seasonal advance of oestrus in the deer is of commercial interest; 
a particular benefit would be the extended summer growth period 
available to the calves before winter sets in, along with food 
shortages, winter inappetance and subsequent growth retardation. In 
Britain, the breeding season of deer starts in October and November 
(Guiness et ^ . , 1971). Calves are bom in June. Daily oral
administration of aMT (5 mg) to lactating red deer (Cervus elaphus ) 
hinds, from June to October, advanced oestrous onset by 2-8 weeks (Adam 
and Atkinson, 1984; Adam et ^ . , 1986). However, the breeding season 
cannot be brought further forward by starting aMT treatment prepartum, 
in the spring (Adam ^  , 1989a), unless the hinds are exposed to
continuous light for one month, prior to aMT treatment (Adam et , 
1987; Adam et ^ . , 1989b). Melatonin treatment during the winter, when 
the hinds are cycling, results in continuation of oestrous cycles for at 
least six months, well beyond natural anoestrous onset (Adam ^  al., 
1987; Adam et al., 1989b).
-53-
1. Literature Review
In New Zealand the fallow deer (Dama dama) is farmed exclusively 
for venison. However, the calving season, and subsequent lactation, 
occurs during the suimer and at a time of year when pasture quality is 
deteriorating. Asher and colleagues (1987 and 1988) advanced the 
breeding season of fallow deer by two months, so that calving took place 
during the late winter and early spring. The lactation period occurred 
during the spring when pasture production was high and able to meet the 
large energy demands of the lactating hinds. However, the calves were 
bom during the latter part of the winter and these harsh conditions 
resulted in a high calf mortality rate. Therefore, herd management 
requires improvement in order to reduce calf mortality when aMT is used 
to induce early breeding in this species (Asher ^  ^ . , 1988).
(d) Bovines
Domesticated dairy cattle do not show marked seasonal changes in 
reproductive activity, and under normal farm management they can breed 
at any time of the year. However, many studies have reported subtle 
seasonal influences on bovine reproduction (Hauser, 1984; McNatty et 
al., 1984). Photoperiod, temperature, humidity, management or a
combination of these may be causal factors (Salisbury ^  , 1978),
Annual prevailing photoperiod and temperature appear to influence events 
associated with reproductive performance, such as age at which puberty 
is achieved (Roy et ^ . , 1980; Hansen et al., 1983), length of oestrous 
cycles (Mares et ^ . , 1961), length of post-partum anoestrous periods 
(Peters and Riley, 1982; Hansen and Hauser, 1983), conception rates 
(Courot et ^ . , 1968), follicular growth (Rajakowski, 1960) and size of 
ovarian granulosa cells (McNatty et ^ . , 1984). Critser and coworkers
(1983) observed a seasonal pattern of circulating LH in Ovx heifers.
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with highest values in the winter and lowest during the summer. The 
effects of photoperiod on gonadotrophins, PRL and aMT in cattle have 
been reported (Critser et ^ . , 1988).
Melatonin treatment, as well as short-day photoperiod exposure, 
have been shown to increase serum FSH, FSH pulse frequency and LH pulse 
amplitude, while reducing serum PRL in Ovx, oestradiol-treated heifers 
(Critser et ^ . , 1987a and b; Critser et ^ . , 1985). These effects may 
be mediated via influences on oestradiol negative feedback on QiRH in 
the hypothalamus. Melatonin, therefore, has a potential use in ironing 
out the underlying seasonal influences on bovine reproduction which 
would benefit both the dairy and the beef industries.
1.7.2.2 Continuous-release preparations of melatonin
Subcutaneous implants (Lincoln and Ebling, 1985; Poulton ^  al., 
1986; English et ^ . , 1986; Kennaway et ^ . , 1987; Staples, 1989), 
intravaginal implants (Nowak and Rodway, 1985), and intraruminal glass 
boluses containing aMT (Poulton ^  , 1987b; Poulton et ^ . , 1988),
can be used to achieve elevated daytime plasma aMT for several weeks, 
and have the same effect on reproductive activity and peripheral PRL in 
sheep as aMT feeding if administered from mid-June (Kennaway et , 
1982b; English e_t ^ . , 1986); the entire breeding season is advanced by 
up to 2 months. The mechanism overall is to remove the inhibitory 
effects of LD with regard to the onset of the breeding season. The 
presence of exogenous aMT in the circulation does not appear to suppress 
pineal production of the hormone; the natural endogenous night-time aMT 
rise is superimposed on the levels provided by the implant or bolus. 
However, the mechanism of action of these continuous-release 
preparations is unclear.
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If aMT implants remain situ after the onset of the breeding 
season in rams, or if implantation is performed under SD, the animals 
become photorefractory to the following exposure to SD (Lincoln and 
Almeida, 1981; Lincoln and Ebling, 1985); the implants appear to 
desensitize the animal to further SD aMT profiles.
The length of exposure to the aMT implant during the summer 
correlates with the number of ewes induced to breed early (Nowak and 
Rodway, 1987). Generally, a three month implantation period is required 
for successful oestrous advance, provided the prior requirement for LD 
is met (Ifelpaux ^  al., 1989).
Under field conditions, continuous-release preparations, such as 
implants or a bolus, are considerably more practical for the 
manipulation of breeding seasons than daily aMT feeding or injection, 
and require much less management and man-power to carry out (reviews, 
Kennaway et al., 1987; Poulton, 1988).
In order to advance the breeding season of the ewe by more than 2 
months, aMT treatment would have to be started earlier in the year. In 
two studies from the same laboratory (Poulton et ,1986; Symons et 
al., 1987), anoestrus ewes were treated with subcutaneous aMT implants 
from mid-April, mid-May and mid-June ; plasma PRL levels (Poulton ^  al.,
1986) and induction of early oestrus (Symons et ^ . , 1987) were
monitored. Melatonin successfully advanced the breeding season and 
reduced PRL levels if started in June, but not earlier. This indicates, 
as we have seen previously, that the ewe must perceive a critical period 
of LD before supplementary aMT acts as a time cue (Figure 1.10). The 
lack of sensitivity to aMT in April is overccmie in ewes in which the 
breeding season has been artificially advanced the previous year (Symons
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et al., 1987), or by pre-treatment with LD (Ward and Williams, 1987/88) 
to remove the photorefractory state imposed on the animals by the 
prevailing, relative SD at the start of the treatment. There has been 
one report where aMT administration during March induced a successful 
advance of the breeding season, without prior LD exposure (Wigzell et 
al., 1986). The breeding season of a group of Border-Leicester Cross 
ewes was induced, four months early, using daily aMT feeding from March. 
The reason for this successful advance of the breeding season is not 
clear, but may be due to the breed of sheep used, and the latitude at 
which the experiment was carried out (57^, Aberdeen, Scotland U.K.).
1.7.3 The Effect of Melatonin Treatment on Prolactin Secretion
In ruminants, plasma PRL is modulated by photoperiod (Pelletier, 
1973; Hart, 1975), temperature (Wettemann and Tucker, 1974), and 
humidity (Tucker and Wettemann, 1976), and shows a circannual rhythm of 
production (Ravault, 1976; Kay, 1979), with high plasma concentration 
observed during the summer and low levels during the winter. Melatonin 
administration to sheep during the summer suppresses the seasonal plasma 
PRL profile to levels usually found at the start of the breeding season 
(Schanbacher, 1980; Arendt et , 1983a; Poulton et ^ . , 1987a;
Tamanini ^  âl» > 1987; Prandi ^  ^ . , 1987). Ovine plasma prolactin 
levels also show a 24 h rhythm, consisting of a bimodal pattern of 
production with one peak at the start and another at the end of the dark 
phase (Barrell and Lapwood, 1978; Brown and Forbes, 1980; Kennaway et 
al., 1983). Melatonin treatment also suppresses the ovine 24 h PRL 
profile and, depending on the route of administration, the bimodal 
pattern of secretion is flattened or disrupted (Kennaway et ^ . , 1982a; 
Symons et ^ . , 1983; Poulton et al,, 1987a). The effects of aMT and
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various photoperiod treatments on PRL secretion are discussed in more 
detail in Chapter 5, Section 5.4 and Chapter 8, Section 8.4.
1.7.4 Tlie Effect of Melatonin Treatment on Fertility
1.7.4.1 Ovines
As well as inducing out-of-season breeding in the ewe, aMT 
treatment is also associated with an increase in ovulation rate and 
subsequent litter size (Wigzell e^ , 1986; Staples ^  , 1986;
Rajkumar ^  , 1989).
There are reports suggesting that the gonads exert an inhibitory 
influence on aMT production from the pineal (Arendt et , 1983a); 
plasma aMT concentrations were found to be initially greater in Ovx 
ewes, although the significance of this is unknown and contradictory 
reports exist. In two subsequent studies from the same group (Maxwell et 
al., 1989a and b) variations in pineal receptor density and affinity 
between the luteal and follicular phases of the oestrous cycle were 
observed. These variations were found to be modified by gonadal steroids, 
and a season-dependent antagonism between the gonadal steroids and the 
pineal sympathetic innervation (probably by NA) in the regulation of 
pineal beta-adrenoceptors was suggested (Maxwell et al., 1989a).
Melatonin appears to also have a luteotrophic role; prolonged 
treatment with aMT (daily feeding) stimulated an increase in 
progesterone concentrations between days 7 and 12 following oestrus, but 
did not improve conception rate or embryo survival if administered after 
oestrus in ewes induced to ovulate during seasonal anoestrus (Wallace et 
^., 1988).
Enhancement of ovulation rate (Wigzell ^  , 1986; Kennaway et
al., 1987) and an increase in the number of live foetuses at a 70-day
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ultrasound scan (Kennaway et , 1987) have been reported following aMI 
treatment of ewes. Stellflug and coworkers (1988) concluded that aMT 
feeding or implantation both enhanced the reproductive performance of 
mature ewes and, in yearling ewes, increased the number of ewes lambing. 
Therefore, aMT treatment can be used to increase fecundity as well as to 
induce early lambing (reviews, Kennaway e^ , 1987; Poulton, 1988).
1.7.4.2 Caprines
Melatonin administration appears to increase fecundity in goats by 
increasing the duration of oestrous cyclicity (Chemineau et ^ . , 1987), 
the number of fertile oestruses (Tamanini e_t ^ . , 1985) and, thereby, 
increasing the subsequent kidding rate. However, in the case of the 
dairy goat, studies have reported a reduction in milk yield by 7-15% in 
goats breeding out-of-season (Ashbrook, 1982) or in goats induced to 
breed following aMT treatment (Chemineau et ^ . , 1988), probably due to 
suppressed, or naturally low, seasonal levels of PRL (Chemineau et al., 
1988). Melatonin may not be the sole causative factor for this decrease 
in milk yield; other factors, such as appetite, nutritional status and 
management, could contribute to the reduction.
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1.8 THESIS INTRODUCTION
This thesis describes the reproductive endocrine effects of light 
exposure and aMT treatment in dairy goats and the influence of these 
treatments on seasonal reproductive activity.
The distribution of aMT into goats’ milk and tissues is reported, 
along with the effects of aMT treatment on the coat growth cycle of 
goats.
The development of puberty in kids bom out-of-season in the autumn 
is followed and the effect of long-day light exposure m  utero on 
subsequent pubertal development is reported.
Central binding sites for aMT in the caprine brain were 
demonstrated using m  vitro autoradiography.
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CHAPTER TWO
MATERIALS AND METHODS
2. Materials and Methods
2.1 GENERAL MATERIALS AND EQUIPMENT FOR USE IN ROUTINE 
ASSAY WORK, BLOOD SAMPLE COLLECTION AND LIGHT TREATMENTS
Equipment
(a) Routine assay work
Variable and fixed microlitre 
pipettes
Plastic pipette tips 
Volvac fixed glass pipettes
BCL 8000 multipipette and 
attatchments
Eppendorf multipipette and 
attatchments
Variable multipipette for use 
in ELISA
Supplier
Gilson Medical Electronics 
(France) S.A., Villiers-le- 
Bel, France.
Elkay Products Inc., 
Shrewsbury, MA 01545, U.S.A.
J.Poulton Ltd., Barking, 
Essex, U.K.
Boehringer Corporation Ltd., 
Lewes, East Sussex, U.K.
Anderman & Co. Ltd. 
(Eppendorf), East Molesey, 
Surrey.
Titertek Multititration 
equipment. Flow Laboratories, 
Irvine, Scotland, U.K.
Disposable polystyrene LP3 tubes Luckhams Ltd., Burgess Hill,
(60 mm X 10 mm)
Volvac disposable glass 
test tubes (63 mm X 9.5 mm)
Polythene counting mini vials 
Glass screw-cap vials
1216 ’Rackbeta’ liquid 
scintillation counter
1260 'Multigamma’ gamma counter 
Laboratory centrifuge (J6B)
Sussex, U.K.
J. Poulton Ltd. (ordered 
through Fisons Scientific 
Apparatus, Loughborough, 
Leics., U.K.)
Luckhams Ltd.
Labco, High Wyccmbe,
Bucks., U.K.
Pharmacia LKB Diagnostics 
Ltd., Milton Keynes, Bucks., 
U.K.
Pharmacia LKB Diagnostics 
Ltd.
Beckman Ltd., Glenrothes 
Fife, Scotland, U.K.
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(b) Blood sanple collection
Needles and syringes
Needles (19g XI")
Polyvinylchloride indwelling 
cannuli (1 . 0 mm inside diameter 
X 1.5 mm outside diameter)
Lignocaine anaesthesia 
(plus adrenaline)
Heparin-sodium BP
Li thium-heparin tubes 
(c) Light treatments
Fluorescent tubing (5 feet long) Crompton, U.K. 
Tungsten-halogen lamps (300 W)
Sabre International Products 
Ltd., Manor Farm Road, Reading, 
Berks., U.K.
Monoject, Sherwood Ifedical Ltd., 
County Oak, Crawley, West Sussex, 
U.K.
Durai plastics. Durai, NSW, 
Australia.
Norbrook Laboratories (GB) Ltd.,
9 Mansfield St., London, U.K.
Evans Medical Ltd., Langhurst, 
Sussex, U.K.
Sterilin Ltd., Hounslow, Essex, U.K.
Programmable light timers
Light meter
Power Lite, Okay 300, British 
Lighting Institute, Reading, Berks., 
U.K.
M.K. Electric Ltd., Shrubbery Rd., 
Edmonton, London, OPB, U.K.
Panlux Electronic, Gossen, Germany. 
All chemical reagents used during the following procedures were 
Analar grade and supplied by BDH Chemicals Ltd., Poole, Dorset, U.K., 
unless stated otherwise. All organic solvents were supplied by Fisons 
Scientific Apparatus (FSA) Laboratory Supplies, Loughborough, Leics., 
U.K. Double glass distilled water was used for the preparation of 
solutions throughout.
2.2 MELATONIN RADIOIMMUNOASSAY FOR USE IN GOATS’ PLASMA
Plasma samples were assayed for aMT using a direct radioimmunoassay 
(RIA) by the method of Fraser and coworkers (1983) which was modified
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for use in ovine plasma by English and coworkers (1986).
2.2.1 Reagents
All glassware was sonicated in methanol before use to eliminate 
contamination. Extreme care was taken when weighing out crystalline aMT 
and handling stock aMT solutions to avoid contamination of benches, 
pipettes, glassware and assay tubes with aMT which would disrupt the 
assay.
Tricine buffer (O.lM; pH 7.0)
Tricine [17.9 g/1] Sigma Chemical Co., Ltd., Poole,
Dorset
Sodium chloride [0.9% w/v]
Gelatin powder [0.1% w/v]
These reagents are made up to 1.0 1 with fresh double distilled 
water. The buffer solution is stored at 4*^ C and prepared fresh weekly. 
Label
( 0-me t by 1 %  ) -me 1 a t onin label Amer sham International Pic,
(specific activity; 85 Ci/mmol) Amersham, Bucks., U.K.
Undiluted label was stored at -20°C. An intermediate stock solution
was prepared by diluting 2 0 pi of label to 2 ml (1 :1 0 0 ) with ethanol;
this was stored at -20°C. The working solution was prepared by diluting
the stock solution with Tricine buffer to give 4,000 cpm per tube. This
was prepared fresh for each assay.
Antiserum
Sheep anti-melatonin antiserum Stockgrand Ltd., University
(batch number G/S/704-8483) of Surrey, Guildford, Surrey
U.K.
The anti serum was prepared from one Suffolk-cross ewe (704) 
immunised with N-acetyl-5-methoxytryptophan-porcine thyroglobulin 
conjugate according to the method of Arendt an coworkers (1975). The
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antiserum was diluted 1:10 in 0.1 M phosphate buffer, pH 7,1 (Section
2.6.1), freeze-dried and stored at -20^0. The freeze-dried antiserum was 
reconstituted with 2 ml double distilled water to provide an 
intermediate dilution of 1:10. This was aliquoted out into 50 pi 
portions and stored at -20°C. The working solution was made by diluting 
one 50 pi portion to 20 ml in Tricine buffer to give a final working 
dilution of 1:4,000. This was prepared fresh for each assay.
Standard melatonin solutions
Stock aMT (Sigma Chemical Co. Ltd.) solution was made by dissolving 
10 mg aMT in 0.5 ml absolute ethanol and adjusting the volume to 10 ml 
with double distilled water; this was stored at 4°C. The standards were 
prepared fresh for each assay. Initial dilutions were in double 
distilled water with final dilutions in aMT-free goats’ plasma (section 
2.2.2.2) to give 0, 2.5, 5, 12.5, 25, 50, 100 and 250 pg/tube for the 
standard curve.
Activated charcoal suspension
Norit A charcoal [2.0% w/v] Sigma Chemical Co. Ltd.
Dextra]! T-70 [0.02% w/v]
The charcoal was defined (section 2.2.2.1) and the reagents were 
made up in 500 ml Tricine buffer to make a dextran-coated charcoal 
suspension. This suspension was stirred at 4°C for one hour, stored at 
4^C until needed and freshly prepared each week.
Scintillant
2,5-diphenyloxazole (PPO) [12.5 g]
l,4-di-2-(5-phenyloxazolyl)-benzene (POPOP) [0.75 g]
Toluene, sulphur-free [2.5 1]
PPO ajid POPOP were dissolved in 2.5 1 toluene. The scintillant was
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stored at room temperature, in the dark.
2.2.2 Methods
2.2.2.1 Defining the charcoal
A 5% solution of activated charcoal was made up in Tricine buffer. 
This solution was mixed for one hour at 4°C, centrifuged for 5 min at 
1000 rpm at 4°C, and the supernatant discarded. This procedure was 
repeated twice more with buffer and three more times with double 
distilled water.
2.2.2.2 Preparation of charcoal-stripped goats’ plasma
Charcoal stripping the plasma provides aMT-free plasma for use in 
the standard curve. A pool of blood was collected from at least four 
adult female goats in the mid-aftemoon, when plasma aMT concentrations 
were low. 250 ml blood from each animal was collected into a polythene 
screw-cap bottle (250 ml), containing heparin-sodium (14.2 U/ml blood), 
by venepuncture into the left external jugular vein. Plasma was 
separated by centrifugation at 2,000 rpra for 30 min at 4°C. A 10% 
solution of activated, defined charcoal was made with the plasma to be 
stripped. This was stirred overnight at 4°C, or for at least 4 hours. 
The plasma/charcoal solution was then centrifuged for 30 min at 1000 rpm 
at 4°C. The supernatant was filtered twice through filter paper (5.5 cm 
diameter; Whatman International Ltd., Maidstone, Kent, U.K.) and once 
through Seitz filters (Seitz Filtration GB Ltd., Bromyard Road 
Industrial Estate, Bromyard Road, Ledbury, Herefordshire, U.K.) to 
remove the charcoal frcxn the plasma.
2.2.2.3 Assay protocol
Disposable polystyrene tubes (LP3 tubes; 60 ram X 10 ram) for 
samples, standards, totals and non-specific-binding (NSB) were set up in
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duplicate (zero or reference standard in quadruplicate). The size of the 
assay was limited to a maximum of 150 tubes to eliminate assay drift.
500 pi of standard or sample was pipetted into the assay tubes. 1.2 
ml Tricine buffer was pipetted into the ’total’ tubes and 700 pi into 
the NSB tubes. 200 pi of the working dilution of antiserum was added to 
each tube, except totals and NSBs, vortex-mixed and left to stand at 
room temperature for 30 min. 100 pi of the working dilution of label was 
added to each tube and the assay was vortex-mixed and incubated at 4°C 
overnight.
Antibody-bound aMT was separated frcan free aMT by incubation with 
500 pi dextran-coated charcoal for 15 min. The tubes were spun at 3,000 
rpn for 15 min at 4°C and 700 pi supernatant was aliquoted into 4 ml 
scintillant in polythene mini-vials. The vials were capped and shaken 
for 1 hour at room temperature and the radioactivity in all tubes was 
counted in an automatic beta scintillation counter. Melatonin 
concentrations in the samples were determined from the standard curve by 
interpolation.
2.2.3 ValidatiOQ of the Melatcmin RIA for use in Goats* Plasma
The aMT RIA was validated for use in goats’ plasma by measures of 
sensitivity (limit of detection), parallelism (Figure 2.1), recovery, 
intra- and inter-assay variability (Table 2.1).
Limit of detection
The mean minimum detectable level of aMT in the assay was defined 
as the least amount of aMT distinguishable from zero at the 95% 
confidence limit, i.e. two standard deviations (SD) from the mean of the 
zero standard.
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Parallelism
A high aMT goats’ plasma pool was double diluted with charcoal-
stripped goats’ plasma. These dilutions were compared with a aMT
standard curve in charcoal-stripped goats’ plasma (Figure 2.1).
Recovery
The recovery of 10, 50 and 200 pg aMT/ml plasma was determined by 
assay of spiked charcoal-stripped goats’ plasma (5 replicates each). 
Intra- and inter-assay coefficient of variation
Intra-assay variability was determined by measurement of 5 
replicates of each aMT standard in the standard curve. Two quality 
control samples were prepared at the beginning of a study. The
interassay variability was calculated from the repeated measures of the 
quality control sample in each assay in a complete study.
Table 2.1 Validation of the Melatonin RIA 
for use in Goats’ Plasma
Limit of detection (mean _+ SEM, N=4); 3.5 pg/ml plasma
Recovery; Pool (pg/ml) Recovery N
10 83.5% 5
50 95.1% 5
200 110.5% 5
Intra-assay coefficient of variation;
Pool (pg/ml) CV N
5 1.9% 10
10 1.1% 5
50 2.6% 5
200 2.9% 5
Inter-assay coefficient of variation;
Pool (pg/ml) CV N
42.2 11.9% 7
80.9 16.4% 15
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1-.16 1:2 neat1:4
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Plasma melatonin (pg/m l)
Standard curve ♦ Diluted aMT pool
Figure 2.1. Parallelism of serial dilutions of goat plasma against a 
stripped goat plasma melatonin (aMT) standard curve. ♦  represent serial 
doubling dilutions of a high aMT goat plasma pool with stripped goats' 
plasma. B/Bo X 100 %; percent total bound '^-melatonin.
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2.3 MELATONIN RADIOIMMUNOASSAY FOR USE IN GOATS' MILK
Melatonin was assayed in goats’ milk using a modified method of the 
RIA developed by Fraser and coworkers (1983). Goats’ milk could not be 
assayed directly for aMT and so aMT was extracted from the milk using 
chloroform and the assay modified accordingly.
2.3.1 Reagents
The buffer, antiserum, label, aMT standards, activated charcoal 
solution, and scintillant used were the same as for the direct plasma 
aMI assay (section 2.2).
2.3.2 Methods
2.3.2.1 Extraction of melatonin from goats’ milk
The milk samples were stored at -20°C. Samples were left to thaw at 
room temperature, for at least 3 h, and were mixed thoroughly by 
vortexing for 30 sec. Using a glass dispenser, 5 ml chloroform was added 
to 1.0 ml of milk sample in a 15 ml glass screw-cap vial. Sample and 
chloroform were vortex-mixed for 1 0 sec, and then centrifuged at 2 , 0 0 0  
rpm for 30 min at 4^ C. With a glass pipette, 4 ml of the chloroform 
layer (bottom layer) was added to a 5 ml glass screw-cap vial. This was 
dried-down under a vacuum in a centrifugal evaporator (Gyrovap 
Centrifugal Evaporator, V.A. Howe & Co. Ltd., 12-14 St. Arm's Crescent, 
London SW18 2LS, U.K.), the chloroform vapour being removed over a 
liquid nitrogen trap. The dried-down extract was resuspended in 2.4 ml 
Tricine buffer and assayed for aMT immediately.
2.3.2.2 Assay protocol
The resuspended milk extracts were assayed in duplicate against a 
standard aMT curve made up in Tricine buffer instead of goats’ plasma. 
The assay protocol was as previously described in section 2.2. A double
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distilled water blank was also extracted in the same way as the samples, 
and included in each assay in duplicate. The value for each individual 
assay water blank was subtracted from every sample in the assay. 
Recovery of aMT from milk was monitored for each assay; 100 pi working 
H-aMT solution (of known cpm) was added to 1.0 ml milk and vortex-mixed 
for 30 sec. Melatonin was extracted from this tube in the same way as 
for the samples and 1 0 0 pi of the dried-down, re suspended, extract was 
then counted in a beta scintillation counter. Recovery of aMT from milk 
was sufficiently high (range 85-110%), and a correction factor was not 
required in the final calculation of the amount of aMT in each milk 
sample.
2.3.3 Validation of the Melatonin RIA for use in Goats* Milk
The aMT RIA was validated for use in goats’ milk by measures of 
sensitivity (limit of detection; 2 X SD from mean of zero standard), 
parallelism (Figure 2.2), recovery, inter- and intra-assay variabilty 
(Table 2.2).
Parallelism
A high aMT milk pool was collected by pooling together morning milk 
samples from 8 goats which had recently been implanted with aMT- 
containing implants or had been given intraruminal glass boluses 
containing aMT (Chapter 9). This pool was double diluted in milk from 
untreated goats, taken at 1530 h, extracted for aMT and assayed against 
a Tricine buffer standard curve.
Recovery
The recovery of 50 and 100 pg aMT/ml milk was determined from 
spiked milk samples which were then extracted for aMT using chloroform. 
The extract was reconstituted in Tricine buffer and assayed against a
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Extracted melatonin (pg/m l)
Standard curve ♦ Milk aMT pool
Figure 2.2. Parallelism of serial dilutions of goats’ milk against a 
Tricine buffer melatonin (aMT) standard curve. ♦  represent serial 
doubling dilutions of a high aMT goat milk pool with goats’ milk from 
the afternoon (1550 h) milking. High aMT goat milk pool was taken from 4 
goats treated with subcutaneous aMT implants and aMT-containing 
intraruminal boluses, at the morning (0730 h) milking. B/Bo X 100 %; 
percent total bound '%-melatonin.
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Tricine buffer aMT standard curve.
Intra- and interassay variability
Intra-assay variability was calculated from 4 replicates of two 
milk pools prepared by dilution of the high aMT milk pool, previously 
described, in Tricine buffer. The 4 replicates were extracted for aMT, 
separately, and assayed against a Tricine buffer curve.
Quality control samples were prepared by dilution of the high aMT 
milk pool; interassay variability was calculated from the values of 
these samples from all the assays in a ccanplete study.
Table 2.2 Validation of the Melatonin RIA
for use in Goats’ Milk
Limit of detection (mean _+ SEM, N=4); 1.35 pg/ml milk
Recovery; Pool (pg/ml) Recovery N
156.3 83% 5
19.0 81% 5
Intra-assay coefficient of variation;
Pool (pg/ml) CV N
22.3 10.3% 5
101.8 9.5% 5
141.8 11.6% 5
Inter-assay coefficient of variation;
Pool (pg/ml) CV N
82.5 20.0% 9
297.1 16.0% 9
2.4 PROGESTERONE ENZYME LINKED IMMUNOSOREANT ASSAY FOR
USE IN GOATS’ PLASMA 
Progesterone in plasma samples was assayed using a direct enzyme- 
linked immunosorbant assay (ELISA) by the original method of Sauer and
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coworkers (1981) which was modified to use the progesterone-11-
glucuronide alkaline phosphatase conjugate by Sauer and coworkers 
(1986). The assay has been modified in order to measure plasma
progesterone concentrations usually observed in goats during oestrus and 
early pregnancy.
2.4.1 Reagents
PAS-gel buffer (0.1 M; pH 7.0)
Sodium dihydrogen orthophosphate (NaH2P0^.H2 0 ) [6.08 g/1]
Disodium hydrogen orthophosphate (Na2HP0 ^ . 1 2 H2O) [8.72 g/1]
Sodium chloride [0.9% w/v]
Sodium azide [0.1% w/v]
Gelatin [0.1% w/v]
These reagents made up in 1.0 1 double distilled water and the pH
adjusted to 7.0 with 1 M sodium hydroxide or hydrochloric acid.
Progesterone-ll-glucuronide alkaline phosphatase conjugate
The conjugate was kindly donated by Dr. M. Sauer at the Ministry of 
Agriculture, Food and Fisheries (MAFF) Cattle Breeding Centre, Church 
Lane, Shinfield, Reading, Berks., U.K., and was prepared by the method 
of Sauer and coworkers (1987). The conjugate was diluted 1:4 in PAS-gel 
buffer and stored as 100 pi aliquots at 4°C. A working solution was 
prepared fresh for each assay by diluting the conjugate 1:2,500 in PAS- 
gel (to give a final dilution of 1 :1 0 ,0 0 0 ).
Alkaline phosphatase substrate 
Diethanolamine [100 g/1; 1 M]
Magnesium chloride (MgCl2 . 6 H2O) [0.1016 g/1; 0.5 mM]
p-nitrophenyl phosphate (sodium salt) Sigma Chemical Co. Ltd.
The substrate buffer was prepared by dissolving die thanolamine (100
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g; 95.05 ml) and magnesium chloride in 950 ml double distilled water. 
The pH of the buffer was adjusted to 9.8 with concentrated hydrochloric 
acid and the buffer made up to 1 . 0 1 with double distilled water.
The substrate working solution was made up fresh daily by
dissolving 140 mg p-nitrophenyl phosphate in 25 ml substrate buffer. 
Progesterone standards
Progesterone (Sigma Chemical Co. Ltd.) was stored at 1 mg/ml in 
ethanol at 4°C. This stock solution was used to make the following 
working standards by double dilution in charcoal stripped goats’ plasma 
(section 2.2.2.2); 0, 0.2, 0.5, 1.0, 2.5, 5, 10 and 20 ng/ml. The 
standards were aliquoted out into 100 pi portions and stored at -20°C.
2.4.2 Methods
2.4.2.1 Purification of progesterone antiserum
Goat anti-progesterone 11-hemi- Cattle Breeding Centre,
succinate antiserum Church Lane, Shinfield,
(batch number SI 509/16) Reading, Berks., U.K.
The antiserum was donated by Dr. J. Foulkes at the MAFF Cattle
Breeding Centre. One volume of saturated ammonium sulphate solution was
added, dropwise, to two volumes of antiserum, mixed for 60 min and then
left for 30 min on an ice tray. This suspension was then centrifuged at
4,000 rpm for 15 min at 4°C and the supernatant discarded. The pellet
was resuspended in double glass distilled water to the original
antiserum volume. This procedure was repeated twice more and the
antiserum aliquoted out into 100 pi portions and stored at -20^C until
needed.
2.4.2.2 Preparation of antibody-coated microtitre plates
Hard polyvinylchloride microtitre plates (Nunc or Imraulon 
microelisa plates, Dynatech Laboratories Ltd, Billingshurst, Sussex,
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U.K.) were used during the assay. The progesterone antiserum was diluted 
1:4,000 in 0.15 mM sodium acetate solution, pH 9.0. To each well of the 
microtitre plate (96 wells/plate) 200 pi of diluted, purified antiserum 
was added. The plate was wrapped in ’cling film’ and left overnight at 
4°C. The plate was then emptied and 200 pi PAS-gel buffer was added to 
each well, the plate wrapped in ’cling film’ and stored at 4°C for up to 
6 months.
2.4.2.3 Assay protocol
The micro titre plate was emptied and dried in air. 200 pi PAS-gel 
buffer was added to the 4 wells at the comers of the plate (blanks). 1 0  
pi of standard, samples and quality controls were pipetted into the 
wells in duplicate. 2 0 0 pi of the working dilution of conjugate was 
added to each well, except blanks. The plate was then put in a moisture- 
controlled polyvinylchloride box, sealed and incubated at room 
temperature (20°C) for 3 hours.
The plate was then emptied and washed three times with PAS-gel on 
an automatic plate washer (Titertek Microplate Washer S8/12, Flow 
Laboratories, Irvine, Scotland, U.K.), 200 pi working substrate solution 
was added to each well and the plate put back into the moisture box, 
sealed and left for 1 hour in a 40°C incubator, taking care that all 
light was excluded and the temperature of the incubator remained 
uniform.
The optical densities of the wells at 405 nm were read on an 
automatic plate reader (Titertek Multiskan Plus, Flow Laboratories). A 
standard curve was constructed and the concentration of progesterone in 
the samples calculated by interpolation.
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2.4.3 Validation of the Progestercme ELISA for use in Goats* Plasma
The progesterone ELISA was validated for use in goats' plasma by 
measures of sensitivity (limit of detection; 2 X SD from mean of zero), 
parallelism (Figure 2.3), recovery, intra- and inter-assay variability 
(Table 2.3) as for the aMT assay (Section 2.3.3). A high progesterone 
pool was prepared by collection of plasma from at least four goats known 
to be in oestrus. If a pool was needed at a time of year when no goats 
were showing ovarian activity, then the pool was prepared by spiking 
charcoal-stripped goats’ plasma (Section 2.2.2.2) with progesterone.
Table 2.3 Validation of the Progesterone ELISA 
for use in Goats’ Plasma
Tlimit of detection (mean 2 SEM, N=4); 0.42 ng/ml plasma
Recovery; Pool (ng/ml) Recovery N
0.6 108% 4
9.4 134% 4
18.0 89% 4
Intra-assay coefficient of variatirai;
Pool (ng/ml) CV N
0.5 3.3% 4
2.5 6.6% 4
Inter-assay coefficient of variation;
Pool (ng/ml) CV N
3.1 7.8% 4
1.5 8.1% 4
2.5 PROLACTIN RADIOIMMUNOASSAY FOR USE IN GOATS’ PLASMA
Prolactin (PRL) was measured in goats’ plasma using a direct double 
antibody-solid phase radioimmunoassay modified from the method of Hart 
(1973) (modified by Hart, 1975).
— 76-
Absorbance units
0.6
0.5
0.4
0.3
0.2
0.1
1:16 neat
0
100.1 1
Plasma progesterone (ng/ml)
standard curve *  Diluted Prog pool
Figure 2.3. Parallelism of serial dilutions of goats’ plasma against a 
stripped goat plasma progesterone (Prog) standard curve. ♦  represent 
serial doubling dilutions of a high progesterone goat plasma pool with 
stripped goats' plasma.
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Normal assay buffer (0.1 N; pH 7.2)
Disodium hydrogen orthophosphate (Na2HP0 )^ [0.04M]
Sodium chloride [O.OAM]
Ethylenediamine tetra-acetic acid (EDTA) [O.OIM]
Sodium azide [0.1% w/v]
Egg albumin [0.125% w/v] Sigma Chemical Co. Ltd,
The pH of the buffer was adjusted to 7.2 with orthophosphoric acid. 
Antisera
Rabbit anti-ovine prolactin AFRC Institute for Grassland
serum and Animal Production (IGAP),
Hurley, Maidenhead, Berks.
Donkey anti-rabbit gammaglobulin IGAP, Hurley.
(IgG)
Normal rabbit serum (NRS) Sigma Chemical Co. Ltd.
Rabbit anti-ovine PRL serum (1st antibody) was prepared as 
originally described by Hart (1972). Neat 1st antibody was diluted 
1:1,000 in normal assay buffer (NAB), aliquoted into 500 pi portions and 
stored at -20°C. Donkey anti-rabbit IgG (2nd antibody) was prepared 
according to the method described by Hart (1973) and was stored, 
undiluted, at 4^C until needed. Normal rabbit serum (NRS) was stored, 
undiluted, at -20°C until needed. Working solutions of antisera and NRS 
were prepared fresh for each assay by diluting in NAB as follows ; 1st 
antibody; 1:40 (final dilution; 1:40,000), NRS; 1:200, 2nd antibody; 
1:40.
Label
[125i]-ovine prolactin IGAP, Hurley
(specific activity approximately 
90 pCi/pg)
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The label was prepared by iodination of ovine PRL with carrier-free 
Na (Amersham International Pic.) in the presence of lodogen as
essentially described by Salacinski and coworkers (1981) and modified by 
Smith and coworkers (1983). The neat label was stored undiluted at 4°C. 
A working solution was prepared fresh for each assay by diluting the 
label in NAB to give 10,000 cpwi/tube.
Prolactin standards
A stock solution of ovine PRL standard (NIH-P-S12, NIADDK, 
Bethesda, Maryland, U.S.A.) was stored at -20°C at a dilution of 100 
ng/ml in NAB, aliquoted into 5 ml portions. This stock was used to 
prepare the following standards in hypophysectomized goat plasma 
(diluted 1:10 in NAB and being PRL-free, IGAP, Hurley); 0, 0.1, 0.25, 
0.5, 1.0, 2.5, 5, 10, 25 and 50 ng/ml. Standards were stored at -20 0^.
2.5.2 Assay protocol
Disposable polystyrene tubes (LP3, 60 mm X 10 mm) were set up in 
duplicate for the standards (quadruplicate for reference standards), 
samples, NSBs and totals. 500 and 600 pi of NAB was pipetted into the 
’total’ and NSB tubes respectively. Samples were diluted 1:10, 1:50, or 
1:100 in NAB, depending on the time of year of collection, so that they 
fell within the range of the standard curve when assayed. 2 0 0 pi of 
standard or sample was added to the tubes. lOOpl of the working 
dilutions of the 1st antibody and the NRS were added to each tube, 
except the totals and the NSBs. The assay was vortex-mixed and incubated 
overnight or, preferably, for 48 hrs at 4°C. 200 pi label was then added 
to each tube to give 10,000 cpn/tube. The assay was vortex-mixed and 
incubated overnight at 4°C. 200 pi working dilution of the 2nd antibody 
was added to each tube on the third day, the assay vortex^nixed and
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incubated overnight at 4°C. On the fourth day the assay was centrifuged 
at 2,000 rpm for 30 min at 4°C. The supernatant was aspirated off and 
the pellet counted for 60 sec on a ’multigamma’ counter. The standard 
curve was used to calculate the concentration of PRL in the samples by 
interpolât ion.
2.5.3 Validation of the Prolactin RIA for use in Goats* Plasma
The PRL RIA was validated for use in goats’ plasma by measures of 
sensitivity (limit of detection; 2 X SD from mean of zero), parallelism 
(Figure 2.4), recovery, inter- and intra-assay variation (Table 2.4) by 
the methods described for the aMT assay (Section 2.2.3). A high PRL pool 
was prepared by spiking hypophysectomized goat plasma (which was diluted 
1:10 in NAB) with PRL. The assay was validated in hypophysectomized goat 
plasma diluted 1:10 in NAB.
Table 2.4 Validation of the prolactin RIA 
for use in Goats’ Plasma
Limit of detection (mean _+ SEM, N=4); 0.13 ng/ml plasma
Recovery; Pool (ng/ml) Recovery N
0.98 117.1% 4
1.26 114.6% 4
8.93 105.3% 4
Intra-assay coefficient of variation;
Pool (ng/ml) CV N
7.29 11.9% 4
1.26 13.0% 4
Inter-assay coefficient of variaticn;
Pool (ng/ml) CV N
3.86 19.3% 3
17.95 1 1 .0 % 3
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Figure 2.4. Parallelism of serial dilutions of goats’ plasma against a 
hypophysectomized goat plasma prolactin (PRL) standard curverepresent 
serial doubling dilutions of a high PRL goat plasma pool with hypophy­
sectomized goat plasma (diluted 1:10 in normal assay buffer). B/Bo X 
1 0 0 %; percent total bound 1-prolactin.
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2.6 TESTOSTERONE RADIOIMMUNOASSAY FOR USE IN GOATS'
PLASMA
Plasma from male goats was assayed for testosterone (T) using a 
radioimmunoassay developed by Corker and Davidson (1978) and modified 
for use with a bovine anti-testosterone monclonal antibody. Testosterone 
had to be extracted from the plasma samples with diethyl ether before 
assay.
2.6.1 Reagents
Phosphate buffered saline (0.1 M; pH 7.0)
Sodium dihydrogen orthophosphate (NaH2P0^.2H2 0 ) [6.08 g/I]
Disodium hydrogen orthophosphate (Na2HP0 )^ [21.84 g/1]
Sodium azide [0.1% w/v]
Gelatin powder [0.1% w/v]
The reagents were dissolved in 1.0 1 double distilled water at 45°C 
in a water bath. The phosphate buffered saline (PBS) was stored at room 
temperature.
Antiserum
Bovine anti-testosterone Department of Biochemistry,
monoclonal antibody IMiversity of Surrey, Guildford
(batch B/MT 4A 17 H5 A5)
The antiserum was developed and kindly donated by Dr. D. Groves
from the Department of Biochemistry, University of Surrey, and was
prepared according to the method of Groves and coworkers (1987). The
cross reactivities of the bovine anti-T monoclonal antiserum were as
follows ; T, 100%; dihydrotestosterone, 87.3%; androstenedione, 0.02%;
oestradiol, <0.02%; oestrone, <0.02% and progesterone, <0.02%. From
antiserum dilution curves (Figure 2.5) the final working dilution of
this antiserum was found to be 1:75 in PBS.
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B/Bo X 100%
140
120
100
8 0
60
40
20
0.1 10 1001
Testosterone (nmol/l)
Gulldhay A /S  (1:50K) 
DG/b anti T (1:50)
DG/o anti  T (1:15K)
Figure 2.5. Testosterone standard curves using the following antisera: 
Guildhay A/S; polyclonal anti-testosterone antiserum (Guildhay Antisera 
Ltd., 6 Riverside Business Centre, Walnut Tree Close, Guildford, Surrey, 
code; S040B, batch; S/55-1A). DG/o anti T; ovine polyclonal anti­
testosterone antiserum and DG/b anti T; bovine monoclonal anti­
testosterone antiserum (batch B/MT; Dr. D. Groves, Department of 
Biochemistry. University of Surrey, Guildford). B/Bo X 100 %; percent 
total bound '^-testosterone.
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Label
The (l,2,6,7-%)-T label (specific activity; 93 Ci/ianol, Amersham 
International Pic.) was supplied as 250 pCi in a 250 pi solution. This 
was diluted to a concentration of 50 mCi/1 with 4.75 ml of a toluene/ 
ethanol (9:1) solution and stored at -20°C. The working solution was 
prepared fresh for each assay by drying down an aliquot of stock 
solution under air for the minimum time and immediately redissolving in 
PBS to make a solution of 0.5 nmol/l (10,000 cp«n/tube).
Testosterone standards
A stock solution of T (Sigma, Chemical Co. Ltd.) diluted in ethanol 
to give a concentration of 20 nmol/l was stored at -20°C. This stock was 
used to prepare the following standards in ethanol, which were also 
stored at -20°C until needed; 0, 0.5, 1.0, 2.0, 3.0, 5.0, 7.0 and 10 
nmol/l.
Activated charcoal solution
Norit A charcoal (Sigma Chemical Co. Ltd.) was defined (section
2.2.2.1) and a suspension of 2.5% (w/v) charcoal with 0.25% (w/v) 
dextran T-70 in PBS was stirred overnight at 4°C. The charcoal 
suspension was stored at 4°C until needed.
Scintillant Section 2.2.1
2.6.2 Methods
2.6.2.1 Extraction of testosterone from plasma samples
The majority of samples were assayed undiluted, since they were 
taken from juvenile animals. However, in some cases, dilution of the 
samples 1:10 in double distilled water was necessary, so that these 
samples fell within the range of the standard curve, recovery of 
testosterone from these samples being unaffected.
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150 pi double distilled water was pipetted into glass screw-cap 
vials (5 ml) in duplicate; these were the water blanks. 150 pi of sample 
was pipetted into glass vials in duplicate also. To each vial 20 pi 0.5 
M sodium hydroxide (NaOH) was added and the vials vortex-mixed. 2 ml 
diethyl ether was added to each vial and the vials sealed with polythene 
caps and put on a shaker at maximum speed for 15 min. After shaking, the 
vials were left to stand for 5 min and then placed in a freezing bath 
until frozen. The ether layer was decanted off into a clean disposable 
glass tube (9.5 X 63 mm), placed in a water bath at 45°C and dried down 
under a current of air in a fume cupboard for the minimum time.
2.6.2.2 Assay protocol
The ethanolic working standards were warmed to room temperature and 
100 pi of standard was pipetted into disposable glass tubes (9.5 X 63 
ran) in duplicate (reference standard in quadruplicate). The standards 
were placed in a 45 °C water bath and dried down under a current of air 
for the ininimum time in a fume cupboard.
300 pi assay buffer was pipetted into the ’total’ tubes and 200 pi 
into the NSB tubes. 200 pi working label solution was added to each tube 
and 200 pi working antiserum solution to all tubes, except totals and 
NSBs. The assay was vortex-mixed and incubated ovemigjht at 4°C.
To all assay tubes, except totals, 100 pi dextran coated charcoal 
suspension was added and the assay vortex-mixed and left to stand for 10 
min in an ice-water bath. The tubes were centrifuged at 3,000 rpm for 15 
min at 4°C. The tubes were then returned to an ice-water bath and 400 pi 
supernatant was transferred to counting mini-vials containing 4.2 ml 
scintillant. The vials were capped and left to equilibrate in the 
counter before counting. T concentrations in the samples were determined
— 8 5 —
2. Materials and Methods
from the standard curve by interpolation. Recovery of T from the samples 
was sufficient (within the range 95-116%) so as not to include in the 
calculation.
2.6.3 Validation of the Testosterone RIA for use in Goats* Plasma
The T RIA was validated for use in goats’ plasma by measures of 
sensitivity (limit of detection; 2 X SD from mean of zero), parallelism 
(Figure 2.6), recovery, inter- and intra-assay variability (Table 2.5) 
by the methods described for the extracted aMT assay (Section 2.3.3). A 
high T pool was prepared by spiking charcoal-stripped goats’ plasma 
(Section 2.2.2.2) with stock T standard.
Table 2.5. Validation of the Testosterone RIA 
for use in Goats’ Plasma
Limit of detection (mean _+ SEM, N=4) ; 0.53 nmol/l plasma
Recovery; Pool (nmol/l) Recovery N
2.93 115.8% 4
3.28 113.5% 4
5.99 96.1% 4
Intra-assay coefficient of variaticm;
Pool (nmol/l) CV N
8.00 6.7% 4
5.23 4.6% 4
2.39 7.9% 4
)f variation;
Pool (nmol/l) CV N
2.49 13.2% 4
4.43 15.1% 4
8.75 11.6% 3
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Figure 2.6. Parallelism of serial dilutions of goats’ plasma against a 
stripped goat plasma testosterone (T) standard curve. ♦  represent 
serial doubling dilutions of a high T goat plasma pool with stripped 
goats' plasma. B/Bo X 100 %; percent total bound '%-testosterone.
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2.7 THIi^-LAYER CHROMATOGRAPHY OF MELATONIN EXTRACTS
Thin-layer chromatography (TLC) was used to confirm the nature of 
the aMI-like imnunoreactivity measured in goats' milk and tissue 
extracts.
2.7.1 Reagents and equipment
Solvent
The solvent used to run the plate consisted of a solution of 
chloroform/methanol, 9:1. The solvent (150 ml) was left to equilibrate 
overnight in the TLC tank in a fume cupboard at room temperature (20°C) 
before use.
Ehrlichs' reagent
A solution of 10% (w/v) p-dimethyl aminobenzaldéhyde in
concentrated hydrochloric acid.
2.7.2 TLC Protocol
A silica gel plate (Chromagram; 20 cm X 20 cm, Eastman Kodak Co., 
Rochester, New York 14650, U.S.A) was left to soak in the solvent until 
the solvent front had reached the top of the plate. The plate was then 
dried under a stream of nitrogen and sprayed with a 0.1% (w/v) solution 
of ascorbic acid in methanol. The plate was left to dry in air and then 
divided into 2 cm wide strips by scratching off the silica between 
strips.
The following solutions were spotted onto the plate, using a 5 pi 
fixed pipette, and dried under a stream of nitrogen; 5 pi stock aMI 
standard (1 mg/ml. Section 2.2.1) in duplicate (one spot either side of 
the plate), 5pl stock %-aMT (Section 2,2.1) plus 5 pi stock aMT 
standard in duplicate and two to three tests consisting of 15-20 pi of 
aMT extract in chloroform separated by blank strips.
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Hie plate was run to 15 cm above the sample line and dried under 
nitrogen. The strips were separated and the standard strips stained with 
Ehrlichs' reagent. The other strips (%-aMT, tests and blank) were cut
o
into 1 cm portions ; individual portions of the H-aMT strips were 
transferred into polythene mini-vials containing 4 ml scintillant 
(Section 2.2.1) and counted in a beta scintillation counter. The 
individual portions of the test and blank strips were eluted with 1.2 ml 
Tricine buffer (section 2.2.1) in mini-vials. The Tricine samples were 
then assayed for aMT against a buffer curve (section 2.2.2) and the 
results expressed as bar charts with 'distance from origin' as the x- 
axis and 'aMT concentration (pg/ml eluent)' as the y-axis (Chater 9). Rf 
values were calculated for each aMT spot where Rf = distance moved by 
spot/distance moved by solvent front.
2.8 IN VITRO AUTORADIOGRAPHICAL LOCALIZATION OF CENTRAL
MELATONIN BINDING SITES 
In vitro autoradiography was used to determine the binding sites of 
aMT in the caprine brain (Chapter 12). The method described was modified 
from Morgan and coworkers (1989c).
2.8.1 Reagents and Equipment
Cryostat Bright Instrument Co. Ltd.,
Ehntingdon, Cambs., U.K.
Glass histology slides with Chance Propper Ltd., Spon
frosted ends Lane, Staethwick, Warley, U.K
2-[125i]_iodomelatonin Amersham International Pic.
(specific activity; 2000 Ci/mmol)
Tris-HCl buffer powder Sigma Chemical Co. Ltd.
Kodak AR OMAT diagnostic Eastman Kodak Co.
X-ray film
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2.8.2 Protocol for In Vitro Autoradiography
2.8.2.1 Preparation of gelatin-coated slides
The slides were cleaned by soaking in a 70% alcohol solution 
containing 5 ml/1 hydrochloric acid, overnight at 20°C. They were washed 
with tap water, rinsed three times with double distilled water and air- 
dried.
An aqueous solution of 1% (w/v) gelatin powder and 0.1% (w/v) 
chrome alum was heated to 45°C on a hot-plate stirrer. The slides were 
individually dipped in the hot solution and placed in a rack to air-dry. 
Hiey were then covered in aluminium foil and stored at room temperature 
(20°C) until needed.
2.8.2.2 Sectioning of the caprine brain
The brain (Chapter 12) was kept frozen in an insulated flask 
containing dry-ice. Before sectioning, the brain was cut into blocks 
while still frozen. Sagittal sections of frozen brain were cut 20 pm 
thick on a cryostat at -12 to -20°C. The sections were thaw-mounted onto 
gelatin-coated slides. Serial sections of brain were mounted onto slides 
labelled ’A', for specific binding (Section 2.8.2.3), ’B’, for non­
specific binding and ’C’ for staining only. The sections were air-dried 
and placed in a dessicator until needed. The slides could be left in the 
dessicator at 4°C overnight, but for no longer.
2.8.2.3 Localization of melatonin binding sites
The ’A' slides (specific binding) were incubated in a 50 pM 
solution of 2-[^^^l]-iodomelatonin (iodoMT) for 2 hrs at room 
temperature (20°C). The ’B' slides (non-specific binding) were incubated 
in a 50 pM solution of iodoMT containing 1 pM cold aMT for 2 hrs at room 
temperature. Both sets of slides were then washed three times in 50 mM
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Tris-HCl buffer (pH 7.7), air-dried and exposed to an X-ray film for 2-3 
weeks at -20°C. After exposure to the slides, the X-ray film was 
developed using an X-ray film processor (Fuji Photo Film (U.K) Ltd., 125 
Fincheley Rd., London, NW3 6JH, U.K.)
2.8.2.4 Fixation of the brain sections
All thawed brain sections ('A’ and 'B' slides after exposure to the 
X-ray film as well as the ’C  slides) were fixed by incubation in 
Clarkes’ fluid (absolute alcohol/glacial acetic acid, 3:1) for 3 min at 
room temperature (20°C) and air dried in a fume cupboard.
2.8.2.5 Staining brain sections for histological 
examination
All brain sections were stained with a 1% solution of toluidine 
blue as follows;
2 min incubation in toluidine blue at 20°C 
Rinsed three times in distilled water 
1 min incubation in 70% alcohol at 20°C 
Two 1 min incubations in 100% alcohol at 20°C 
Two 30 sec incubations in xylene at 20°C 
Slides mounted in D.P.X.
2.9 ROUTINE HISTOLOGY
2.9.1 Fixation
Pieces of tissues were fixed in 10% neutral buffered formalin 
immediately after removal from the animal. Tissue was fixed for at least 
one week prior to processing and was stored in formalin at room 
temperature (20°C) until required.
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10% neutral buffered formalin 
Formalin (40% formaldehyde) [100ml]
Sodium dihydrogen orthophosphate (NaH2P0^ ,2îÎ20) [4.5 g]
Anhydrous disodium hydrogen orthophosphate (Na2HP0^) [6.5 g]
Made up to 1.0 1 with double distilled water.
2.9.2 Processing
A piece of tissue, 2-3 ram thick, was cut from the fixed tissue 
sample and placed in a metal processing container (a round lidded 
container, 5 cm in diameter and 0.5 cm deep) along with the appropriate 
reference number. The containers were placed in a tissue basket which 
was then fitted to a Histokinette automatic tissue processor (British 
American Optical Co. Ltd., Slough, Bucks., U.K.).
The tissue basket was transferred automatically from one beaker of 
fluid to the next. The processes of dehydration, clearing and 
impregnation with wax were carried out using the following processing 
schedule.
2.9.2.1 Dehydration
Two hours in each of the following solutions at room temperature 
(20°C);
70% alcohol 
85% alcohol 
95% alcohol 
100% alcohol (3 beakers)
2.9.2.2 Clearing, wax impregnation and blocking
The tissues were cleared by incubation for two hours in each of two 
beakers containing toluene at 20°C, and impregnated with wax by 
incubation for two hours in each of two beakers containing paraffin wax
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(Fibrowax, R.Â, Lamb Ltd.) at 58°C. After the last wax incubation the 
tissue containers were transferred to a third wax bath at 58°C from 
which the tissues were blocked out; the tissues were removed from their 
containers using a pair of electrically heated forceps and placed in a 
plastic mould containing molten wax. The surface of the tissue to be cut 
was orientated so that it rested on the base of the mould. A plastic 
block was placed in the mould along with the reference number label. The 
blocks were left to set overnight at room temperature (20°C).
2.9.2.3 Section cutting
Tissue sections (6 pm thick) were cut from the blocks using an 
American Optical Spencer 820 Rotary microtome, and floated on distilled 
water at 50°C until all creases had disappeared from the sections. The 
sections were picked up on slides by half submerging the slide into the 
water next to the section; on withdrawal of the slide frcrni the water the 
tissue section adheres to the slide due to surface tension. The tissue 
reference number was written on the slide using a lead pencil. The 
slides were left to dry on a hotplate overnight, prior to staining.
2.9.3 Bhclich*s Acid Haematoxylia and Eosln Staining of 
Tissues
Ehrlich’s acid haematoxylin R.A. Lamb Ltd., 6 Sunbeam Rd
Eosin (C.I. No. 45380) London NWIO 6JL, U.K.
Tissue sections were stained by incubation in the following
solutions at room temperature ;
Xylene to remove the wax 3 mins
Absolute alcohol 1 min
70% alcohol 1 min
50% alcohol 1 min
Distilled water Rinse
Ehrlich’s acid haematoxylin 15 mins
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Blue-ed in tap water 5 mins
Differentiated in acid alcohol Agitated for 5 secs
(1% hydrochloric acid in 70% 
alcohol)
Returned to tap water 1-2 mins
At this point the tissues were examined under a low power
microscope to ensure that the tissues were sufficiently differentiated.
If not, the tissues were dipped again in acid alcohol for a further 5
secs, with agitation, and rinsed in tap water for 1-2 mins.
Blue-ed in tap water 15 mins
Counterstained in 1% aqueous eosin 2 mins 
Rinsed in tap water \ min
Dehydrated in 85% alcohol \ min
Dehydrated in 100% alcohol (X2) \ min
Cleared in xylene (X2) \ min
The sections were mounted directly from xylene in D.P.X. in a fume
cupboard; a drop of D.P.X.was placed on a coverslip and the slide taken
directly from the xylene, inverted and pressed gently onto the coverslip
so that the D.P.X. spread out under the coverslip. The slides were left
to air-dry in a fume cupboard overnight, and then examined using a
Vickers M15 c microscope.
2.10 ANIMAL WELFARE DURING THE FOLLOWING STUDIES
All goats used throughout the following studies were of the British 
Saanen dairy breed and were female, unless stated otherwise. The goats 
were reared from birth in a natural photoperiod at 52^14’N prior to 
light and aMT treatments. Clock times are expressed in Greenwich mean 
time (GMT).
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2.10.1 Goat Nutriticm
Two days after birth kids were removed from their mothers and fed 
on calf milk replacer from an artificial udder. Kids were weaned at 4 
weeks of age and fed daily with 0.3 kg concentrates as pellets 
containing 18% protein (prepared on the farm by AFRC Institute for 
Grassland and Animal Production, Shinfield, Reading, Berks., U.K.). When 
8 to 18 months old the kids (or goatlings) received 0.5 kg concentrates 
daily, when housed, with silage ^  libitum. When put to grass, goatlings 
received 0.3 kg concentrates daily. Lactating goats were fed daily with 
1 kg concentrates with silage M  libitum when housed, and 0.5 kg 
concentrates when in the field. Water was supplied M  libitum at all 
times.
2.10.2 Housing During Llg^t Treatments
The female goats were housed, at ambient temperature, in adjacent, 
light-controlled sheds during photoperiod treatments. Each shed housed a 
maximum of 6 animals and was fitted with programmable light-timers 
controlling tungsten-halogen lamps (Section 2.1). Male goats were housed 
adjacent to, but physically separate from the females, thus allowing 
pheromonal contact during the light treatment periods.
2.11 BLOOD SAMPLE COLLECTION
2.11.1 Venepuncture
Once or twice weekly blood samples (3-5 ml) were collected into 
1 ithium-heparin tubes by venepuncture in the left external jugular vein 
using needles and syringes (see Section 2.1 for materials).
2.11.2 Cannulation
For frequent sampling (1-2 hourly or less) the goats were
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cannulated in the left external jugular vein under local lignocaine 
anaesthesia (0,5 ml lignocaine-HCl ; 20 mg/ml, plus adrenaline ; 0.025 
mg/ml) using indwelling polyvinylchloride cannuli (Section 2,1). Blood 
samples (3-5 ml) were collected into li thium-hepar in tubes. The cannuli 
were filled with heparin-saline (100 U/ml heparin-sodiura BP, saline ; 
0.9% w/v aqueous solution of sodium chloride) between samples and 
usually remained patent throughout a 24 h sampling period.
Blood samples were centrifuged immediately after collection at 
2,600 rpm for 15 min. Plasma was collected and stored at -20°C until 
assayed for hormones (Sections 2.2, 2.4, 2.5, 2.6).
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EXPERIMENT ONE: TREATMENT OF GOATS WITH SHORT-DAYS OR 
MELATONIN DURING MID-SUMMER TO ADVANCE THE 
BREEDING SEASON
3. Sumner Melatooin and Short-day Treatment
3.1 INTRODUCTION
Following the work performed with sheep (Chapter 1, Section 1.7) it 
was decided to attempt to advance the breeding season of British Saanen 
dairy goats by treatment with aMT or exposure to a short-day lighting 
regime from mid-summer.
3.2 MATERIALS AND METHODS
3.2.1 Animals
Thirty female goatlings, aged 18 months, were randomized into 3 
equal groups, according to live body weight. During the light and aMT 
treatments the groups of goats were housed in separate sheds (Chapter 2, 
Section 2.10.2), the aMT treatment group being split into two pens 
taking 5 animals each. The fertility of the male goats, aged 2-3 years 
and of the same breed, was assessed by means of a sperm count.
3.2.2 Riotoperiod and Melatonin Treatment of Goatlings
Preparation of melatonin pellets
Melatonin (3.0 g) was dissolved in absolute alcohol (50 ml). Using 
a repeating micropipette 50 pi of this solution was trickled onto a food 
pellet (3.0 mg aMT/pellet) and the pellets left to air-dry.
Photoperiod and melatonin treatments
The treatment period commenced on 2 July, 1987, and continued for 
three months, until 10 September. Three groups of 10 female goatlings 
were treated as follows;
Group (1); fed daily with a food pellet containing 3 mg aMT at 1600 
h. Housed in two pens (5/pen) under a natural photoperiod with a 
measured light intensity of 75-300 lux.
Group (2); housed in a light-tight shed and exposed to 8 h light : 16
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h dark (8L:16D), lights on 0800 h and light intensity with lights on; 
19-38 lux. Lighting consisted of fluorescent tubes (6 tubes, each tube 5 
ft long) which were switched on and off manually.
Group (3); fed daily with a food pellet (no aMT) at 1600h. Housed 
in a pen under a natural photoperiod with a measured light intensity of 
75-150 lux.
After the treatment periods the females were returned to a natural 
photoperiod and put to grass with a fertile male equipped with a raddle 
and crayon (colours changed weekly). The females were observed daily 
for service by the male, as indicated by raddle marks.
3.2.3 Blood Sampling
Blood samples (5 ml) were taken twice weekly for three months (6 
July to 10 September 1987) by venepuncture (Chapter 2, Section 2,11). 
Plasma was assayed for progesterone using an ELISA validated for use in
goats’ plasma (Chapter 2, Sections 2.4).
On 11 August, 1987, 5 weeks after the start of the treatment
period, blood samples (5 ml) were collected every one or two hours
throughout a 24 h period. Dark phase samples were collected under a dim 
red light which did not register on the lux meter at 10 cm (<0.1 lux). 
Samples were collected from goats in groups (1) and (3) by cannulation, 
the goats being cannulated on 10 August, and from goats in group (2) by 
venepuncture. Plasma was assayed for aMT using a RIA validated for use 
in goats' plasma (Chapter 2, Section 2.2).
3.2.4 Statistical Analysis
Statistical differences in the onset of ovarian activity between 
groups was assessed using an unpaired Students’ t-test.
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3.3 RESULTS
3.3.1 Progesterone Assessments and Oestrous Odset
Figure 3.1 presents a schematic representation of the results of 
the progesterone assessments taken between 6 July and 10 September, 
1987, by which time the majority of goats had come into season.
The goats in group (1) [aMT-treated] were mated (as indicated by 
raddle marks by the males on the females) one week earlier than the 
goats in groups (2) [8L:16D treated] and (3) [controls]. This advance of 
the breeding season was statistically highly significant (p<0.005), but 
very small.
3.3.2 24 h Melatonin Profiles
Feeding aMT-soaked pellets (Figure 3.2b; group 1) resulted in a 
mean peak plasma aMT concentration of 373.41 _+ 35.65 pg/ml (mean ^  SEM, 
N=5) at 1800 h, 2 h after feeding and 3 h before natural dusk. Plasma 
aMT gradually declined to basal levels at 0800 h (daylight). Duration of 
high plasma aMT concentrations corresponded to the dark phase in both 
the natural and 8L:16D photoperiods. Mean peak aMT levels for the 8L:16D 
treatment group (Figure 3.2c; group 2) and control group (Figure 3.2a; 
group 3) were 55.55 _+ 18.67 pg/ml (mean _+ SEM, N=5) at 2400 h (dark 
onset; 1600 h) and 47.63 +_ 14.46 pg/ml (mean _+ SEM, N=5) at 0200 h (dark 
onset; 2100 h) respectively.
3.4 DISCUSSION
Consistant with limited previous work, the results from the present 
experiment show that the induction of early oestrus in goats by exposure 
to a short-day lighting regime, or by treatment with melatonin during 
the suraner, to mimic winter photoperiod conditions, is less successful
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Figure 3.1. Schematic representation of the effect of summer melatonin 
or short-day treatment on oestrous onset in British Saanen goatlings. 
Top panel ; group (1) fed 3 mg melatonin, daily at 1600 h, from 2 July to 
mid-September. Middle panel; group (2) control animals kept in a natural 
photoperiod. Bottom panel; group (3) exposed to short-days (8L:16D) fron 
2 July to mid-September, g g  ; progesterone>1 ng/ml, Q  ; progesterone 
undetected in the plasma of individual animals during sampling period, 
which ended mid-September, A ; date of mating, as indicated by raddle 
marks, solid line; artificial photoperiod (8L:16D), broken line; natural 
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Figure 3.2. Twenty-four hour plasma 
melatonin profiles in three groups 
of 5 female goatlings on 11 August, 
1987, five weeks after the start of 
treatments, (a); animals in group
(2) held under a natural photo­
period. (b); animals in group (1) 
fed daily with 3 mg melatonin at 
1600 h. Note the different scale on 
the y-axis (plasma melatonin), (c); 
animals in group (3) held under an 
8L:16D photoperiod (lights on 0800 
h). Black bar indicates the length 
of the dark phase. All points on the 
graphs are mean _+ SEM, N=5.
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than in sheep. Prandi and coworkers (1987) achieved a 7 day advance of 
the breeding season of goats using a treatment of daily melatonin 
injections (2.5 mg i.m.) during the late afternoon from June to 
September (3 months). However, treatment of sheep with melatonin from 
mid-June (Kennaway et ^ . , 1982a and b; Arendt et , 1983b; English et 
al., 1986) advances the breeding season by 2 months. Symons and
coworkers (1987) treated anoestrous Suffolk-cross ewes with melatonin 
implants from mid-April, mid-May and mid-June; only treatment in mid- 
June resulted in a significant two month advance of the breeding season. 
Lack of sensitivity to melatonin in April is overcome in ewes for which 
the breeding season has been artificially advanced the previous year 
(Symons ^  ^ . , 1987) or by pretreatment with artificial long-days (Ward 
and Williams, 1987/1988) to remove the photorefractory state (Robinson 
and Karsch, 1984 and 1988) to the prevailing, relatively short 
photoperiod. Nevertheless, Wigzell and coworkers (1986) induced a 4 
month advance of the breeding season of a group of Border-Leicester 
Cross ewes, with melatonin feeding commencing in March. The reason why 
this oestrous advance was successful is not clear, but may be due to the 
latitude at which the experiment was carried out (57^, Aberdeen, 
Scotland, U.K.) or the breed of sheep used.
Under both natural and short-day photoperiods the duration of high 
plasma melatonin relates to the dark phase (Figure 3.2). Exposure of 
goats to a short-day lighting regime was successful in inducing an 
artificial short-day melatonin profile in our goats (Figure 3.2c). Daily 
melatonin feeding (3 mg at 1600 h) also created an artificial winter 
melatonin profile during the summer in goats (Figure 3.2b), as in sheep 
(Kennaway et al,, 1982a and b; Arendt et ^ . , 1983b). There is no
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explanation as to why the goats showed a small, but significant, advance 
in breeding activity in response to melatonin treatment, but not to 
short-day photoperiod exposure.
In subsequent experiments to induce out-of-season breeding in the 
dairy goat it was decided to start melatonin treatment earlier in the 
year. For this to be successful a period of long-day light treatment 
would be necessary to remove the photorefractory state imposed on the 
animals at the start of the experiment. However, before light treatment 
can be given, information on the sensitivity of goats to light was 
required in order to make the most of the lighting available on the 
farm.
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CHAPTER FOUR
EXPERIMENT TWO: SENSITIVITY OF GOATS TO A LIGHT PULSE 
AT NIGHT AS ASSESSED BY SUPPRESSION OF PLASMA MELATONIN
4. Sensitivity to Li^t at Mgjit
4.1 INTRODUCTION
Animal species vary enormously with respect to sensitivity to 
light. One way of assessing light sensitivity is to measure the degree 
of suppression of plasma aMT by exposure of the animal to a pulse of 
light during the dark phase, when plasma aMT is high. For example, the
o
albino rat pineal gland can respond to as little as 0.005 pW/cm of 
white light (Reiter, 1988), the Long Evans hooded rat requires a light 
irradiance of 0.22 pW/cra for complete suppression of aMT (Lynch et al.,
1985), and the Syrian hamster requires an irradiance of 0.1 pW/cm^ of 
white light to suppress aMT production (Brainard et al., 1982 and 1983). 
The pineal gland of the Sprague-Dewy rat can respond to just 1 msec of 
light with an irradiance of 2,000 mW/cm ; 10 min after exposure to this 
very short light pulse SNAT activity and aMT synthesis are suppressed 
(Vollrath et ^ . , 1989). Compare these light irradiances to room light 
of 50-100 pW/cm^ and sunlight on a bright day, 25,000-50,000 pW/cm^. 
These species are nocturnal and, therefore, have a very high 
sensitivity to light at night. Diurnal species tend not to be as 
sensitive when comparing light irradiances needed to suppress plasma 
aMT. For example, diumally active rodents, such as the Richardsons’ 
ground squirrel (Reiter, 1985) and the Eastern chipmunk (Reiter and 
Peters, 1984), require light irradiances of 1,850 pW/cm^ for complete 
aMT suppression, while exposure of the lizard, Anolis carolinensis, to 2 
h of white light with an irradiance of 7,160 pW/cm does not suppress 
pineal aMT (Underwood, 1986). Seasonal short-day breeders, such as sheep 
(Arendt and Ravault, 1988), are also very sensitive to light at night as 
assessed by suppression of plasma aMT, with a light sensitivity 
threshold of 0.04 pW/cm^. Humans (Bojkowski ^  ^ . , 1987; Reiter, 1988)
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and guinea pigs (Vollrath and Huesgen, 1988) possess intermediate light
n o
sensitivity thresholds of 1.6-5 pW/cm and 267 pW/cm respectively.
Light sensitivity at night also depends on the wavelength of light 
that the animal is exposed to; wavelengths of light in the red end of 
the spectrum, 700Â, are least suppressive to pineal aMT production, 
while wavelengths in the blue range, 500-510Â, are most suppressive 
(Reiter, 1985). The hamster eye and endocrine system can even detect and 
respond to radiation wavelengths in the near-ultraviolet range (340- 
405Â) with a low irradiance (Brainard et ^ . , 1986).
Sensitivity of the goat pineal to light at night was unknown. 
Before starting on experiments using light treatment, to manipulate 
breeding seasons, knowledge of the sensitivity of the goat to light was 
needed in order to determine the optimum light irradiance required for 
aMT suppression. Previous experiments, performed by other workers, 
involving manipulation of the pineal/aMT system have exposed the animals 
to light intensities of 120-150 pW/cm^ (Maeda et ^ . , 1984 and 1986; 
Mori and Okaraura, 1986; Chemineau ^  ^ . , 1986). This requires
installation of extensive lighting, which would not be cost effective 
for the farmer requiring to induce oestrus in his herd of goats using 
artificial light exposure. The following experiment determines the 
sensitivity of goats to light at night, as assessed by suppression of 
plasma aMT. The information obtained in this experiment was then used to 
devise a light intensity for use in experiments to manipulate the 
breeding seasons of goats.
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4.2 MATERIALS AND METHODS
4.2.1 Animals
Six female goats, aged 2 years, were housed in separate pens in a 
light-tight shed. The goats were habituated to an 8 h light:16 h dark 
(8L:16D) photoperiod (lights on 0800 h) for one week prior to the first 
light treatment. Cool white fluorescent lamps (5 ft long; number of 
lights/ballast: one, number of ballasts: seven) were installed 12 ft 
above the ground to give 40.70 _+ 4.16 pW/cm (137 _+ 14 lux; mean SEM 
of 36 readings) at the goats' eye level.
4.2.2 Lig^t Sensitivity Experiments
The experiment was performed five times in December, with the same 
six goats and with 1-3 days between light treatments. Light intensity 
was varied between treatments by covering the fluorescent tubing with 
different thicknesses of white cotton sheeting, which did not alter the 
spectral composition of the light. Light intensity was assessed by 
taking a mean of 36 measurements using a lux meter pointing in various 
directions at the goats' eye level. Lux measurements were converted to 
light irradiances (pW/cm ) by initially converting to foot-candles 
(divide by 10.7639) and then multiplying foot-candles by total spectral 
irradiance distribution of the light source (tables issued by Duro-Test 
Corporation, North Bergen, New Jersey 07047, U.S.A.). The goats were 
exposed to the following light irradiances;
(1) 4.22 + 0.62 pW/cin^  (14.2 + 2.1 lux)
(2) 0.68 + 0.09 ^W/cm^ (2.3 + 0.3 lux)
(3) 0.26 + 0.004 nW/cm^ (0.87 + 0.14 lux)
(4) darkness throughout
(5) 40.70 + 4.16 viW/cm^  (137.0 + 14.0 lux)
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This is the order in which the light treatments were applied. All lux 
measurements and light irradiances are expressed as mean +_ SEM, N=36.
4.2.3 Blood Sampling
On each experimental day the lights were switched on for 1 h from 
1900 h to 2000 h, 3 h after lights off. Blood samples (5 ml) were 
collected by cannulation (Chapter 2, Section 2.11). Samples were taken 
hourly from 1500 h to 1900 h, every 15 min from 1900 h to 2100 h, with a 
last bleed at 2200 h. Sampling of all 6 goats took 5-10 min and the same 
order of group sampling was maintained throughout. All dark phase 
samples were taken using a dim red light which consisted of a hand torch 
covered in a red plastic filter which absorbed all visible wavelengths 
(250-640 nm) except red. The light intensity from the torch did not 
register on the lux meter at 10 cm (<0.03 pW/cm ; 0.1 lux). Plasma 
samples were assayed for aMT using a RIA validated for use in goats’ 
plasma (Chapter 2, Section 2.2).
4.2.4 Statistical Analysis
Statistical differences in aMT concentrations in response to light 
treatments were assessed by comparing values at 1930, 1945 and 2000 h 
(light) with those at 1700, 1800 and 1900 h (darkness, pre-light 
treatment) by two-way analysis of variance using treatment (light/dark) 
and time as factors.
4.3 RESULTS
Melatonin profiles for each light treatment are shown in Figure 4.1 
a-e. Suppression of plasma aMT concentrations was significant (p<0.05) 
at light irradiances of ^0.68 pW/cm . Melatonin concentrations were 
suppressed almost to basal levels by a light irradiance of 40.70 pW/cm .
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Figure 4.1. The effect of a 1 h 
light pulse (cool white fluorescent) 
of different intensities given
between 1900 and 2000 h on plasma 
melatonin concentrations in six 
female British Saanen dairy goats.
The goats were habituated to a light 
intensity of 40.70 + 4.16 pW/cm^ and 
a photoperiod of 8L:16D (lights on 
0800 h) for one week prior to the 
first light treatment. Plasma
melatonin concentrations (N=6) and 
light measurements (N=32) are 
expressed as mean +_ SEM. Analysis of 
variance indicated that light 
significantly suppressed (p<0.05) 
melatonin secretion at 0.68 _+ 0.09,
4.22 + 0.62, and 40.70 + 4.16
pW/cm . See text for details.
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Figure 4.2. Relationship between light intensity durii^ the 1 h light 
interruption (see Fig. 4.1) and suppression of melatonin secretion. The 
percentage suppression of melatonin for each light intensity was 
calculated by expressing the mean of the two lowest melatonin 
concentrations during the light phase as an inverse percentage of the 
mean of the values at 1800 h and 1900 h.
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For each light treatment the mean of the two lowest aMT concentrations 
during the light phase was expressed as an inverse percentage of the 
mean of the values at 1800 h and 1900 h (pre-light treatment). Percent 
suppression of aMT increased as follows ;
Darkness 0%
0.26 + 0.004 pW/cm^ 0%
0.68 + 0.09 pW/cm^ 43.1%
4.22 + 0.62 pW/cm^ 71.1%
40.70 + 4.16 pW/cm^ 81.2%
A hyperbolic relationship between percent suppression of plasma aMT and 
light irradiance exists (Figure 4.2).
4.4 DISCUSSION
In goats previously adapted to a light irradiance of 40.70 ^ 4.16 
pW/cm^ (137 2 14 lux) as little as 0.68 _+ 0.09 pW/cm^ (2.3 _+ 0.3 lux) 
can suppress plasma melatonin concentrations by 43.1%, and 40.70 _+ 4.16
O
pW/cm^ suppresses melatonin levels almost to the lowest concentrations 
observed during the main light phase (81.2%) under 40.70 pW/cm^ (Figure
n
4.1). A low irradiance of 0.26 _+ 0.004 pW/cm had no effect on plasma 
melatonin concentrations. The threshold for the suppression of melatonin 
production in the goat lies between 0.26 and 0.68 pW/cm^ (0.87 and 2.3 
lux).
Goats seem to be less sensitive to light at night than sheep ; in 
Ile-de-France rams, previously adapted to a light irradiance of 104
o o
pW/cm (350 lux), 0.04 pW/cm was sufficient to suppress plasma
o
melatonin by 17% (Arendt and Ravault, 1988), whereas, 0.26 pW/cm had no
2
effect in goats previously adapted to 40.70 pW/cm . However, it is very
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difficult to make direct comparisons, in view of differing photoperiodic 
histories and species differences with respect to melatonin secretion. 
For example, dark-phase melatonin concentrations for the Saanen goat are 
between 30-90 pg/ml and for the Suffolk-cross ewe, 60-200 pg/ml (English 
Gt , 1987) using the same melatonin RIA developed by Fraser and 
coworkers (1983).
Preconditioning the animal to a particular light intensity and the 
length of this preconditioning period is likely to determine the acute 
sensitivity of the animal to light as assessed by melatonin suppression 
(Reiter et ^ . , 1983). Reiter (1985) also reported that the time of
night and, specifically, the longer the interval between dark onset and 
when the light pulse is given, modifies sensitivity to the light
exposure. Comparison of our results with those in sheep (Arendt and 
Ravault, 1988) are valid from this view point, since in both cases the 
one hour light pulses were administered 3 h after the end of the main 
light phase. In all six goats used in this study melatonin secretion was 
re-initiated on return to darkness, and night-time plasma melatonin 
levels were resumed. If the 1 h light pulse is administered 10 h after 
lights off in sheep maintained in a 10L:14D photoperiod (lights off 1700 
h), melatonin secretion does not resume on return to darkness, and basal 
concentrations remain (Earl ^  âl*> 1985). Re-initiation of melatonin 
secretion, therefore, depends on the timing of the light pulse. 
Illnerova and Vanecek (1984) suggested a boundary between re-
inducibility and non-inducibility of rat SNAT activity by darkness, after 
a 1 min light pulse, to be around 2415 h in rats, previously kept in 
constant darkness for 2 days. A 5 sec light pulse of an irradiance of
n
32,000 pW/cm given to Syrian hamsters maintained in a 6L:18D
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photoperiod (lights off 1200 h), 12 h after dark, resulted in non­
reinducible melatonin suppression, whereas, if the same light pulse was 
given 8 h after dark, melatonin secretion was quickly resumed after 
initially being suppressed to daytime basal levels (Reiter et ,
1986).
In conclusion, a minimum light irradiance of 45 pW/cm (150 lux) 
would be sufficient to suppress plasma melatonin concentrations by at 
least 80% in the Saanen dairy goat (Figure 4.2). This light intensity 
would be appropriate for use in experiments using artificial light to 
manipulate the breeding seasons of goats, and is of important consnercial 
and practical interest to goat farmers; the installation of expensive 
lighting in order to maintain high light irradiances is not needed, and 
halogen or fluorescent strip lighting would suffice. Various factors 
need to be taken into consideration \dien deciding on a light intensity 
to use for such experiments, such as individual variation in response to 
light treatment, especially to low light intensities (Arendt and 
Ravault, 1988), and breed variation (Maeda ^  , 1984). If the animals
are usually kept outside during the main photophase a greater light 
intensity would probably have to be used to suppress melatonin, since 
the response to light treatment is relative.
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EXPERIMENT THREE: LONG-DAYS DURING THE LATE WINTER 
FOLLOWED BY EARLY SUMMER MELATONIN TREATMENT 
ADVANCES THE BREEDING SEASON OF GOATS
5. Long-days Followed hy Melatonin in Goatlings
5.1 INTRODUCTION
This chapter describes an experiment to induce out-of-season 
breeding in the Saanen dairy goat using a combination of long-day light 
and aMT treatments. In a preliminary experiment (Chapter 3) in the 
summer of 1987, a 7 day advance of the breeding season of a group of 
Saanens was achieved by treatment of the animals in a natural 
photoperiod with aMT (3 mg absorbed onto a food pellet daily at 1600h) 
from July to October. This small, but significant, advance of the 
breeding season can be ascribed to the period of aMT treatment being too 
late in the year. In the experiment about to be described aKC treatment 
was started much earlier in the year; for this to be successful a period 
of long-day light treatment was necessary (Chemineau e^ , 1986 and
1987) to remove the photorefractory state (Robinson and Karsch, 1984) 
imposed on the animals by the prevailing short-day photoperiod at the 
start of the experiment.
Following reports by BonDurant (1981) and Ashbrook (1982), where 
successful early breeding was achieved in raultiparous goats with long- 
day light treatment only, the effectiveness of long-day or skeleton 
photoperiod treatments, without subsequent aMT treatment, to induce 
early oestrus in Saanens was determined. The effect of photoperiod and 
aMT treatment on milk yield and milk composition, with respect to fat, 
protein and lactose content in the subsequent lactation, was also 
determined.
5.2 MATERIALS AND METHODS
5.2.1 Animais
Twenty-four nulliparous, and therefore non-lactating female
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goatlings, aged one year, were randomized into four equal groups 
according to body weight. Male goats, of the same age and breed, were 
assessed as fertile by means of a sperm count. During light treatments 
the goats were housed in light-controlled sheds (Chapter 2, Section 
2.10).
5.2.2 Ibotoperiod and Melatonin Treatments of Goatlings
Stage One
Light treatments were started on 1 February, 1988, and continued 
for 64 days. On 5 April all goats were returned to a natural photoperiod 
with natural light intensities for the remainder of the experiment. Four 
groups of 6 female goats were treated as follows:
Group (1): 20 h light :4 h dark (20L:4D) photoperiod; lights on 0400 
h with a measured light intensity of 119 _+ 28 lux (mean _+ SEM, N=16 
pointing in various directions at the goats’ eye level); on 5 April 
1988, the goats were implanted subcutaneously above the shoulder under 
local anaesthetic (injection of 0.5 ml lignocaine-HCl; 20 mg/ml, plus 
adrenaline; 0.025 mg/ml, Norbrook Laboratories (GB) Ltd., 9 Mansfield 
St., London, U.K.) with two silicone-based implants (cylindrical 
implants; 10 mm long, 1 mm diameter) containing 12 mg aMT each. The hair 
over the shoulder of the goats was clipped and the area swabbed with 70% 
alcohol to sterilize the skin. Local anaesthestic was applied by 
intradermal injection. A nick, approximately 5 mm long, was made through 
the skin using a scalpel. A wide-bore needle was introduced 
subcutaneously and pushed in about 4 cm. The implants were fed into the 
end of the needle, end to end, and pushed throu^ with a fitted rod as 
the needle was withdrawn slightly. A single stitch (number 9 curved 
triangular needle and thread) was used to close the wound and the skin
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swabbed again with alcohol. The goats were reimplanted in this manner, 
with three implants on the 6 and 20 May, 1988, to maintain daytime 
plasma aMT concentrations in the range normally observed during the dark 
phase (30-90 pg/ml) for 3 months.
Group (2): 20L:4D photoperiod; lights on 0400 h, with a measured 
light intensity of 137 2 32 lux (mean _+ SEM, N=16).
Group (3): Skeleton photoperiod; lights on 0400 h-0900 h, natural 
light until 2200 h, lights on 2200 h-2400 h. This treatment provides 2 h 
of extra light during the dark phase, with a measured light intensity of 
442 _+ 101 lux (mean _+ SEM, N=16).
Group (4): Housed from 1 February to 4 April, 1988; natural photo­
period throughout the experiment.
Three males were exposed to 20L:4D from 1 February, 1988, for 64 
days with a light intensity of 200 _+ 81 lux (mean _+ SEM, N=16). On 5 
April, 1988, they were returned to a natural photoperiod and six weeks 
later, on 17 May, were allowed to run with the 24 female goats at grass. 
Mien in the field, the males were equipped with a raddle and crayon 
(colours changed weelcly) and the females were observed daily for raddle 
marks, which indicated service by the males.
Stage Two
To advance oestrous onset even further and ccsnpletely reverse the 
breeding season, five goats from group (1) [aMT-treated] were treated 
with a 20L:4D photoperiod (lights on 0400 h, with a light intensity of 
119 _+ 28 lux, N=16) for two months before their expected kidding dates 
(starting 11 October, 1988). A fertile male goat was also exposed to a 
20L:4D photoperiod with a light intensity of 200 +_ 81 lux (mean _+ SEM, 
N=16) from 11 October to 2 December, 1988 (Section 2.10). On 2 December,
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1988, both male and female goats were returned to a natural photoperiod. 
Immediately after kidding, the females were drenched daily with a 3 mg/5 
ml solution of aMT in double distilled water at 1600 h for three months 
(we were unable to obtain aMT implants for this stage of the 
experiment). The male was put to grass with the 5 females, ten weeks 
after the Stage Two light treatment period (13 February, 1989). The 
females were observed for service by the males. Figure 5.1 summarizes 
the experimental design for both stages of the experiment.
5.2.3 Blood Sampling
5.2.3.1 Progesterone, prolactin and melatonin bleeds
During Stage One of the experiment twice weekly blood samples were 
collected by venepuncture (Chapter 2, Section 2.11) from the female 
goats between 1500 h and 1600 h, for 8 months (1 February to 4 October,
1988) or until pregnancy was confirmed. Plasma was assayed for 
progesterone and PEL (Sections 2.4 and 2.5). Plasma samples from the 
female goats in group (1) were also assessed for aMT (Section 2.2) for 9 
weeks after the first implantation. In Stage Two, the female goats were 
bled twice weekly from 13 February, 1989, until diagnosed pregnant by 
progesterone assessment.
5.2.3.2 24 h bleeds for melatonin and prolactin profiles
On two occasions, plasma aMT and PRL profiles were assessed in the 
female goats by means of blood sampling (5 ml) for 24 h starting at 1000 
h. During the light phase the sampling frequency was 2-hourly and every 
hour during the dark phase. Dark phase samples were taken under a dim 
red light (<0.1 lux). The 24 h bleeds were both performed during Stage 
One of the experiment ; the first 24 h bleed was on 11 February, 1988, 10 
days after the start of the light treatment period. Blood samples were
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Figure 5.1. Experimental design for Experiment Three. Light treatments 
were imposed from 1 February, 1988, for 64 days and from 11 October,
1988, for 52 days. (....); natural photoperiod, (------- ); 20L:4D
photoperiod, (--- ); skeleton photoperiod, shaded area; dark phase,
(■i); melatonin treatment of group (1). Dates are indicated when 24 h 
blood sampling was carried out (11 February and 28 April, 1988), when
the females were put to grass with the males (Stage One; 17 May, 1988,
Stage Two; 13 February, 1989) and when coat growth was assessed (18 
August and 29 November, 1988; see Chapter 10 for details). For 
additional details see materials and methods.
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collected by venepuncture on this occasion. The second 24 h bleed was 
performed on 28 April, 1988, three weeks after the first implantation of 
group (1) with two aMT implants and when all goats were in a natural 
photoperiod. Blood samples were collected by cannulation (Chapter 2, 
Section 2.11). Plasma samples were analysed for aMT and PRL by direct 
RIAs validated for use in goats' plasma (Chapter 2, Sections 2.2 and 
2.5).
5.2.4 Pregnancy Diagnosis
During Stage One of the experiment an ultrasound scan of all the 
female goats was performed on 30 August, 1988, 14 weeks after the 
females were put to grass with the males, for pregnancy diagnosis. 
Progesterone assessments (Chapter 2, section 2.4) were used to confirm 
the results from the ultrasound scan. During Stage Two pregnancy was 
diagnosed by means of progesterone assessments only.
5.2.5 Lactation Assessment
Lactation was assessed for the first stage of the experiment only. 
The goats were machine-milked twice daily at 0800 h and 1530 h, from day 
2 postpartum when the kids were removed. Milk composition was assessed
during the first month of lactation; twice a week milk samples were
taken at the morning milking from the goats in group (1), during 
January, 1989, and from the goats in group (4), during March/April, 
1989. The samples were analysed for percent fat, protein and lactose 
using infra-red analysis (Foss Milk-O-Scan, Foss Electrical, York,
U.K.). Weekly milk yields from each goat, in all groups, were also
recorded throughout the whole lactation period.
5.2.6 Statistical Analysis
The significance of the rise in prolactin in the seasonal profiles
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was determined using an unpaired Students' t-test to compare mean PRL 
concentrations between weeks. Significant differences, between groups, 
in the levels of PRL secreted during the light treatment period were 
assessed by calculating the area-under-the-curve for each animal, and 
using two-way analysis of variance to compare groups. The same procedure 
was used to compare groups during the aMT treatment period of group (1) 
and to compare group 24 h profiles.
The statistical significance of differences in milk yield and milk 
composition between groups (1) and (4) were assessed using an unpaired 
Students' t-test.
5.3 RESULTS
5.3.1 Melatoniii Profiles
5.3.1.1 24 h melatonin profiles
Twenty-four hour aMT profiles during Stage One, 10 days after the 
start of light treatment on 11 February, 1988, are shown in Figure 5.2. 
Under both artificial and natural photoperiods the duration of high 
concentrations of plasma aMT corresponded to the dark phase.
On exposure of the goats to a skeleton photoperiod (Figure 5.2c; 
group 3) plasma aMT concentrations dropped to 11.8 _+ 6.4 pg/ml (group 
mean +_ SEM, N=6) during the two hours of extra light from 2200 h to 2400 
h, compared to <5 pg/ml during the main light phase. Melatonin rose to 
levels observed during uninterrupted dark phases (range; 30-90 pg/ml) 
during the dark phases on either side of the light pulse in all goats 
exposed to the skeleton photoperiod.
The twenty-four hour aMT profile during subcutaneous implantation 
of goats with aMT (group 1) is shown in Figure 5.3. Subcutaneous
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(a) Natural photoperiod 
11 February 1988 (group 4)
(b) 20L4D exposure 
(groups 1 and 2)
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Figure 5.2. Twenty-four hour plasma 
melatonin profiles from three groups 
of female goatlings on 11 February, 
1988, 10 days after the start of 
light treatments. (a); animals (N=6) 
in group (4) held under a natural 
photoperiod, (b); animals (N=12) in 
groups (1) and (2) held under a 
20L:4D photoperiod (lights on 0400 
h), (c); animals (N=6) in group (3) 
held under a skeleton photoperiod 
(lights on 0400-09(X) h and 2200- 
2400 h). See text for details of 
groups. Black bar represents the 
duration of the dark phase. All 
points on the graphs are mean + SEM.
Time (h)
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Figure 5.3. Twenty-four hour plasma melatonin profiles from two groups 
of 6 female goatlings on 28 April, 1988, 23 days after first
implantation of group (1) with melatonin. Solid line; group (1) 
implanted subcutaneously with 2 X 12 mg melatonin and held under natural 
photoperiod. Broken line; group (4) held under a natural photoperiod. 
Profiles for groups (2) and (3) are not included in this figure since 
they were very similar to the control profile. All points on the graph 
are group mean _+ SEM, N=6. See text for details.
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implantation ensured that daytime plasma aMT remained within the dark 
phase range of 30-90 pg/ml. The endogenous night-time aKT rise was 
superimposed on the exogenous concentrations provided by the implant.
5.3.1.2 Plasma melatonin levels after implantation
Mean plasma aMT levels (group mean SEM, N=6) for 61 days after 
the first implantation of goats in group (1) are shown in Figure 5.4. 
Plasma aMT rose to >700 pg/ml within one hour after the first 
implantation with 2 aMT implants, each containing 12 mg aMT. Ten days 
after the first implantation mean aMT levels had dropped to 53.0 pg/ml 
(still within the dark phase range of 30-90 pg/ml). On day 21 after 
implantation, mean daytime aMT was 27.6 pg/ml, less than the night-time 
range. Reimplantation with 3 implants (12 mg aMT each) was carried out 
on 6 May, 32 days after the first implantation, and again two weeks 
later. After each subsequent implantation, mean plasma aMT rose rapidly 
to 377.6 and 443.3 pg/ml respectively on the day of implantation, and 
declined to between 100-230 pg/ml within four days. This strategy was 
used to maintain daytime plasma aMT levels within the night-time range 
(or greater) for 3 months.
5.3.2 Plasma progesterone assessments 
Stage One
Figure 5.5 shows the plasma progesterone assessments taken during 
Stage One of the experiment. One animal from group (4) was omitted from 
the experiment due to difficulty with blood sampling. Plasma 
progesterone concentrations greater than 1 ng/ml on two consecutive 
sampling occasions was taken to be a sign of oestrus; if this rise was 
maintained for three weeks, or more, then pregnancy was diagnosed.
Five goats from group (1) and one from group (2) [goat 829] started
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Figure 5.5. Plasma progesterone assessments from female goatlings in 
Stage One of Experiment Three. Blood sampling began when the males were 
introduced on 17 May, 1988. Group (1); 20L:4D followed by melatonin
treatment, group (2); 20L:4D exposure only, group (3); skeleton
photoperiod exposure, group (4) control animals. Numbers on the right
refer to individual animals (N=6/group). Plasma progesterone>l ng/ml on 
two consecutive sampling occasions indicates ovarian activity and 
progesterone>l ng/ml for three weeks or more indicates pregnancy.
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oestrous cyclicity in July, 10-12 weeks earlier than the remaining goats 
in the study which started their breeding seasons in September/October. 
The majority of the goats appeared to conceive on their first true 
oestrous cycle, even though there was the occasional isolated rise in 
progesterone levels to 1 ng/ml in some goats a few weeks before they 
conceived [goats 722 and 808]. Two goats in group (2) had consecutive 
increases in plasma progesterone in June, July and August; these 
progesterone pulses were cyclic (every 3 weeks, oestrous cycle length in 
the goat is 21 days), but not always greater than 1 ng/ml [goats 815 and 
716]. One goat from group (1) did not conceive at all that year, was 
thought to be infertile, and was eliminated from the experiment in 
October, 1988.
An ultrasound scan on 30 August, 1988, indicated that the 
seasonally-advanced goats in groups (1) and (2) were greater than 60 
days pregnant on that date. These goats subsequently kidded between 5 
and 25 December, 1988, 10-12 weeks earlier than the control goats, which 
kidded in the first week of March, 1989 (Table 5.1). The kidding rate 
(kids/doe) for the seasonally-advanced goats was 1.3, while the
remaining goats in the study had a kidding rate of 2.0.
Stage Two
During the second stage of the experiment, four out of five of the 
goats from group (1) started oestrous cyclicity in March, 1989, an
advance of the breeding season of 6 months. Figure 5.6 presents the
results of the progesterone assessments taken during Stage Two of the
experiment. All four goats conceived during their first true oestrous 
cycle, were diagnosed pregnant on 18 April by progesterone assessment 
and went on to kid in August, 1989, with a kidding rate of 1.75 (Table
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Table 5.1. Mating and kidding dates for goats in Stage One
of Experiment Three
Group Goat Service date Kidding date Kids
20L:4D + MT *807 25/7/88 25/12/88 2F
(group 1) *805 8/7/88 5/12/88 IF
723 Not mated Barren -
*724 14/7/88 11/12/88 IM
*641 15/7/88 16/12/88 IM
*818 8/7/88 7/12/88 2F
20L:4D 639 29/9/88 27/2/89 -
(group 2) 832 24/9/88 1/3/89 IF
716 26/9/88 25/2/89 2M
815 2/10/88 2/3/89 IF IM
647 27/9/88 25/2/89 -
*829 14/7/88 15/12/88 IM
Skeleton 713 21/10/88 21/3/89 2M
photoperiod 629 29/10/88 29/3/89 -
(group 3) 702 25/9/88 22/2/89 -
712 25/9/88 21/2/89 -
722 29/9/88 27/2/89 -
811 3/10/88 3/3/89 -
Controls 808 19/10/88 20/3/89 2F IM
(group 4) 742 1/10/88 2/3/89 2F
710 1/10/88 2/3/89 2F
705 2/10/88 1/3/89 2M
816 1/10/88 1/3/89 2F
F; female kid, M; male kid, * 2%-3 month advance of the breeding season.
A chi-squared test indicated that the number of animals breeding early in 
group 1 was statistically significant (0.01 > p > 0.001) when compared to 
the number of animals breeding out-of-season in the other 3 groups.
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Table 5.2. Mating and kidding dates of goats in Stage Two 
of Experiment Three
Group Goat Service date Kidding date Kids
Seasonally- *724 4/3/89 4/8/89 IF
advanced *807 5/3/89 5/8/89 2F
(group 1) *818 7/3/89 7/8/89 IF IM
*641 13/3/89 13/8/89 2M
805 Not mated Barren
F; female kid, M; male kid, * 6 month advance of the breeding season,
Figure 5.6. Plasma progesterone assessments from female goats (group 1, 
N=5) in Stage Two of Experiment Three. Group (1) animals were exposed to 
52 days of 20L:4D prepartum and 3 months of melatonin drenching (3 mg/ 
5ml daily, at 1600 h). Blood sampling began when the females were put to 
grass with a male on 13 February, 1989. Numbers on right refer to 
individual animals. Plasma progesterone)! ng/ml for two consecutive 
sampling occasions indicates ovarian activity and progesterone>1 ng/ml 
for 3 weeks or more indicates pregnancy.
m  20
FEB MARCH APRIL
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5.2); a complete reversal of the breeding season. Figure 5.7 summarizes 
the breeding seasons of all goats in the study over 18 months.
5.3.3 Prolactin Profiles
5.3.3.1 Seasonal prolactin profiles
Stage One
In the control group profile (Figure 5.8 a; group 4) plasma PRL 
varied circannually, being high during the summer, with a group mean 
concenration of 93.8 _+ 22.6 ng/ml (mean _+ SEM, N=6) in mid-June, and low 
during the winter, with plasma levels generally being <5 ng/ml. After an 
initial peak of 27.3 ^  5.9 ng/ml (mean +_ SEM, N=6) on 22 Itoch, the true 
seasonal PRL rise started in the first week of April, with PRL levels 
rising to 11.5 _+ 2.2 ng/ml. Peaks of PRL secretion (which appeared to be 
weekly) gradually increased, to reach a maximum in mid-June, and then 
decreased to <2 ng/ml in the second week of September (Figure 5.8 a).
Exposure of the goats to a 20L:4D photoperiod (groups 1 and 2) 
resulted in a significantly earlier (p<0.02) seasonal rise in PRL to >20 
ng/ml, observed 5 weeks before the controls on 15 February (Figure 5.8 b 
and c). Exposure to a skeleton photoperiod (group 3) resulted in a 
significant rise (p<0.02) in PRL levels to >20 ng/ml, 4 weeks before the 
controls, on 23 February (Figure 5.8 d). Plasma PRL in both the skeleton 
photoperiod treatment group (group 3) and the 20L:4D only group (group 
2) reached winter levels at the same time as the control group; the 
second week in September. During the li^t treatment period there was a 
significant difference between groups (p<0.0003) with respect to mean 
concentrations of plasma PRL, but there were no significant differences 
between the animals in each group when comparing the amount of PRL 
secreted.
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1989 
F i Ml  A l M l J  I J  I A
Group (1) \
Group (2)
Group (3)
Group (4)
Figure 5.7. Breeding seasons of four groups of 6 female British Saanen 
dairy goats. Filled circles on left; conception, filled circles on 
right; parturition, black bar; progesterone>l ng/ml (pregnancy). One 
goat from group (1) did not conceive in 1988. One goat from group (4) 
was impossible to bleed and progesterone data is not available from this 
animal. Treatment groups were as follows: Group (1); 20L:4D from 1 
February, 1988, for 64 days followed by three months melatonin 
treatment; 20L:4D for 52 days prepartum followed by three months 
melatonin treatment from December, 1988. Group (2); 20L:4D exposure for 
64 days from 1 February, 1988. Group (3); skeleton photoperiod exposure 
(lights on 0400-0900 h and 2200-2400 h) for 64 days from 1 February, 
1988. Group (4); control animals kept in natural light throughout. See 
materials and methods for details.
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Treatment of goats with aMT implants significantly suppressed 
plasma PRL (P<0.005; Figure 5.8 b). PRL secretion rose on 5 April, the 
day of implantation (stress?), to 164.4 _+ 48.3 ng/ml (mean _+ SEM, N=6). 
During the period of implantation PRL was generally <20 ng/ml. On 9 
August plasma PRL was >20 ng/ml for three weeks and then declined to 6.1
+_ 1.3 ng/ml (mean _+ SEM, N=6) on 30 August.
Stage Two
During the second stage of the experiment, plasma PRL was followed 
from February to April, 1989 (Figure 5.9), and during this time peaks of 
PRL secretion gradually increased from a winter concentration of 7.6 _+
1.5 ng/ml to 31.9 _+ 14.1 ng/ml (mean _+ SEM, N=6) in mid-April. This 
seasonal rise in PRL occurred at the same time of the year as the
control group in Stage One of the experiment.
5.3.3.2 24 h prolactin profiles
During February, 10 days after the start of the light treatments, 
the control 24 h PRL profile (Figure 5.10 a; group 4) consisted of a 
dusk peak of 202.1 _+ 33.4 ng/ml (mean +_ SEM, N=6) at 1830 h, after which 
PRL levels gradually dropped to <30 ng/ml until a smaller dawn peak at 
0630 h of 51.6 8.5 ng/ml (mean _+ SEM, N=6). During the day, PRL levels
were <10 ng/ml. Exposure of the goats to 20L:4D (Figure 5.10 b; group 1) 
resulted in a profile with only the dusk peak of 248.0 +_ 64.8 ng/ml 
(mean SEM, N=6), 40 mins after lights off (2440 h). During the light 
phase, PRL levels were approximately 4 times greater than the control 
levels, being in the range of 38-42 ng/ml. Exposure of goats to a 
skeleton photoperiod (Figure 5.10 c; group 3) resulted in a bimodal 
pattern of PRL secretion over 24 h. Two peaks were observed, both soon 
after the start of each dark phase, the second PRL peak being smaller
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Figure 5.9. Seasonal plasma prolactin profile from female goatlings in 
Stage Two of Experiment Three (group 1). Last period of melatonin 
treatment ended 1 March, 1989. All points on the graph are group mean 
SEM, N=5.
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(a) Natural photoperiod 
11 February 1988 (group 4)
(b) 20L4D exposure 
(group 1)
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Figure 5.10. Twenty-four hour plasma 
prolactin profiles from three groups 
of 6 female goatlings on 11 
February, 1988, 10 days after the 
start of light treatments, (a); 
animals in group (4) held under a 
natural photoperiod, (b); animals in 
group (1) exposed to a 20L:4D 
photoperiod (lights on 0400 h), (c); 
animals in group (3) exposed to a 
skeleton photoperiod (lights on 
0400-0900 h and 2200-2400 h), Groups 
as previously described in Figure 
5.7. Black bar indicates the 
duration of the dark phase. All 
points on the graphs are group mean 
+ SEM, N=6.
Time (h)
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than the first. The first dark-onset peak was smaller (111.14 _+ 7.35 
ng/ml; mean +_ SEM, N=6) and broader than that observed in goats held 
under 20L:4D and natural photoperiods (Figure 5.10 a and b). A trough in 
the profile was observed during the 2 h light pulse separating the two 
dark phases (Figure 5.10 c). However, basal daytime plasma PRL levels in 
goats held under a skeleton photoperiod were greater than in those 
observed in the control profile (Figure 5.10 a), being in the range 10- 
67 ng/ml. There were no significant differences between groups with 
respect to total PRL secretion during the 24 h period.
On 28 April (3 weeks after the end of the light treatment period) 
the control 24 h PRL profile (Figure 5.11 a; group 4) possessed a dark
onset peak of 228.5 _+ 162.2 ng/ml (mean j+ SEM, N=6) at 2000 h and a
smaller peak of 125.6 27.7 ng/ml (mean SEM, N=6) at 0400 h, 2 h
before dawn. Melatonin treatment (Figure 5.11 b; group 1) significantly 
suppressed the 24 h PRL profile (p<0.05). The two-peak pattern was
maintained but with suppressed dusk (2100 h) and dawn (0400 h) peaks of
76.5 _+ 16.9 ng/ml and 26.3 _+ 4.7 ng/ml (mean SEM, N=6) respectively. 
Both the skeleton photoperiod (Figure 5.11 d; group 3) and 20L:4D 
(Figure 5.11 c; group 2) treated animals showed suppressed PRL profiles, 
compared to the control group, but the suppression was not significant. 
Group mean (^ SEM, N=6) dusk and dawn peaks for group (3) were 156.7 
60.8 ng/ml and 36.7 _+ 13.8 ng/ml and for group (2), 194.2 _+ 63.3 ng/ml 
and 59.1 +_ 8.5 ng/ml respectively.
5.3.4 Lactation Assessment
During the first month of lactation there were no significant 
differences in the composition of milk from the seasonally-advanced 
goats (group 1) and the control (group 4) goats. On day 25 postpartum
-134-
(a) Control 
Natural light, 28 April 1988
(b) Group 1; melatonin treated 
Natural light, 28 April 1988
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Figure 5.11. Twenty-four hour plasma prolactin profiles from four groups 
of 6 female goatlings in Stage One of Experiment Three taken on 28 
April, 1988, three weeks after the end of the light treatments and 
during melatonin implantation of group (1). Groups as previously 
described in Figure 5.7. All points on the graphs are group mean _+ SEM, 
N=6. Control profiles are represented on graphs (b)-(d) by the broken 
line. Note different scale on the y-axis for graph (a), the control 
profile in natural photoperiod.
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milk composition was as follows (mean SEM, N=6);
Group (1) Group (4)
Fat 4.07 + 0.60 % 2.82 + 0.19 %
Protein 2.70+0.13% 3.04 + 0.11 %
Lactose 4.30 +_ 0.04 % 4.45 _+ 0.06 %
Weekly milk yield for the seasonally-advanced (group 1) goats (mean 
over 5 weeks _+ SEM; 15.12 +_ 2.23 kg/week, N=5) compared well with 
primiparous goats in a natural season (18.20 2.34 kg/week; mean +_ SEM,
N=5).
5.4 DISCUSSION
Maeda and coworkers (1984) were the first to measure melatonin in 
the plasma of goats; using a double antibody radioimmunoassay they 
measured values of 20-120 pg/ml, for the dark phase, and <20 pg/ml 
during the day and suggested an endogenous circadian rhythm of melatonin 
production, as has been observed in most mammals studied to date. With 
the direct single antibody radioimmunoassay in use in this laboratory 
(Fraser at ^ . , 1983; English et ^ . , 1986) dark phase melatonin
concentrations were in the range of 30-90 pg/ml and <5 pg/ml during the 
main light phase. Under all lighting regimes (artificial and natural) 
the duration of high plasma melatonin concentrations corresponded to the 
dark phase (Figure 5.2). Subcutaneous implantation ensured that plasma 
melatonin was maintained within the dark phase range of 30-90 pg/ml 
during the day (Figure 5.3). Endogenous melatonin production was not 
suppressed by the presence of exogenous melatonin provided by 
implantation and the natural night-time melatonin rise was superimposed 
on these exogenous levels. Reimplantation was necessary every 2-3 weeks
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since melatonin was cleared rapidly from the blood and concentrations 
dropped to below 30 pg/ml within 3 weeks (Figure 5.4).
Induction of out-of-season ovarian (progesterone) and pituitary 
(LH) activity in Saanens was reported by Chemineau and coworkers (1986) 
after a treatment combining a skeleton photoperiod, melatonin and 
exposure to a vasectomized male. They concluded that a period of long- 
day exposure was necessary before melatonin treatment was able to 
advance the breeding season of the goat (Chemineau eit ^ . , 1986, 1987 
and 1988). Since the females were not mated, the fertility of out-of­
season oestrous activity was not proven. In Stage One of the present 
study, 6 female Saanens were induced to start oestrous cyclicity in July 
after treatment with long-days followed by melatonin; an advance of the 
breeding season of 3 months (Figure 5.7). An intact male was used, 
resulting in successful early matings and subsequent out-of-season 
kidding, confirming the fertility of seasonally-advanced females. As a 
result of this breeding season advance, 5 female and 3 male kids were 
bom in December, 1988 (kidding rate of 1.3), while the remaining goats 
in the study kidded during February and March, 1989 (kidding rate of 
2.0; Table 5.1). In Stage Two of the experiment a complete reversal of 
the breeding season was achieved with 4 out of the 5 seasonally-advanced 
animals in group (1) (Figure 5.7); 4 female and 3 male kids were bom 
during the first two weeks of August, 1989 (kidding rate of 1.75; Table
5.2). During the second advance of breeding activity, the higher kidding 
rate was consistent with increased kidding in the goats’ second season 
(Shelton, 1978).
As well as its use to induce out-of-season breeding in the ewe, 
melatonin treatment is also associated with an increase in ovulation
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rate and subsequent litter size (Wigzell et , 1986; Staples et al., 
1986; Kemaway et al., 1987; Stellflug et , 1988), perhaps due to its 
luteotrophic action (Wallace et ^ ., 1988). However, the current results 
are not consistent with reports in sheep and, in fact, goatlings 
breeding out-of-season following treatment with long-day light and 
melatonin appeared to have a reduction in fertility, as shown by the 
decreased litter size in the seasonally-advanced goats (group 1) during 
the first stage of the experiment (group 1; 1.3, group 4; 2.0, not 
significantly different).
Ashbrook (1982) reported a light treatment, consisting of a 20 h 
day during late winter, which successfully advanced the breeding season 
of multiparous dairy goats (Chapter 1, Section 1.7.1.2). The study 
concluded that Saanens were less responsive to the treatment than breeds 
such as La Mancha and Nubian. In the present study the success rate for 
oestrous advance using light treatment only was very low (17 % success 
rate with 20L:4D; 0 % with skeleton photoperiod). This may be due to 
breed variations and the fact that nulliparous goatlings, in their first 
season and without prior reproductive history, were used.
In most ruminants studied so far plasma prolactin concentrations 
vary circannually (goats; Buttle, 1974; sheep; Ravault, 1976; Kay, 1979; 
deer; Bubenik et ^ . , 1985) and are modulated by daylength (sheep; 
Pelletier, 1973; goats; Hart, 1975) and temperature (cattle; Wetteman 
and Tucker, 1974, Tucker and Wetteman, 1976). Plasma prolactin 
concentrations are high during the summer, or under artificial long-day 
photoperiods (goats; Hart, 1975; sheep; Brown and Forbes, 1980; Lincoln 
and Short, 1980; Lincoln et al, 1982), and low during the winter, or 
under artificial short-day photoperiods (sheep; Brown and Forbes, 1980;
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Kennaway ^  , 1982/83; Brinklow and Forbes, 1984a; Poulton et al.,
1987a). Pinealectomy (Brown and Forbes, 1980; Brinklow and Forbes,
1984b; Kennaway e^ , 1982/83 and 1984a) and superior cervical
ganglionectomy (goats; Buttle, 1977) abolishes the influence of 
photoperiod on prolactin production. Consistent with previous reports in 
sheep (Arendt e^ al., 1981a; Kennaway et , 1982a and b; Kennaway et 
al., 1982/83; Kennaway et ^ . , 1986; Symons ^  ^ . , 1983; Poulton et 
al., 1986, 1987a and 1989; Lincoln and Ebling, 1985) and goats (Mori et 
al., 1985; Prandi et ^ . , 1987), melatonin treatment of Saanen goats 
produced overall suppression of both the seasonal and 24 h prolactin 
profiles in the present study (Figures 5.8b and 5.11b). Although 
melatonin implantation during the summer suppressed prolactin, the 
levels observed were not as low as at the start of the breeding season. 
However, in sheep, melatonin feeding in the sunmer reduced prolactin 
concentrations to levels normally found during the winter (Kennaway et 
al., 1982a; Symons et al., 1983; Poulton ejt ^ . , 1986). This discrepancy 
may be a species difference or due to the method of administration of 
melatonin; implantation and feeding may act differently at the 
physiological level. The underlying prolactin secretion observed in the 
goats, in the present study, during melatonin implantation (Figure 5.8b) 
may have been due to the influence of temperature on the circannual 
rhythm of prolactin production (Wettemann and Tucker, 1974).
During the present experiment, exposure of Saanen goats to either 
artificial long-days or a skeleton photoperiod induced an earlier 
seasonal rise in prolactin; the goats responded to the artificial 
photoperiods with the appropriate prolactin response (Figure 5.8 c and 
d). In Saanen dairy goats a skeleton photoperiod is, therefore.
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interpreted as a long-day in the form of prolactin secretion. The same 
phenomenon has been reported in sheep; a skeleton long photoperiod 
induced a rise in prolactin secretion similar to that seen under a full 
long-day photoperiod (Ravault and Ortavant, 1977; Brinklow and Forbes, 
1984a). Long-day treatment of Saanen goats in the present study, during 
the late winter, resulted in a prolonged period of high seasonal 
prolactin levels; prolactin dropped in September at the same time as the 
control prolactin levels, resulting in high prolactin levels for 5 extra 
weeks (Figure 5.8 b and c). These results are consistant with those of 
Maeda and coworkers (1986, 1988) who reported that a change in
photoperiod from short- to long-days induced prolactin secretion in 
Saanen goats. In the present experiment, treatment of goats with 
melatonin during the late winter/early spring, when prolactin levels are 
low (Stage Two of the present experiment), had no effect on the timing 
of the seasonal prolactin rise in the spring (Figure 5.9). Poulton and 
coworkers (1986) implanted sheep with melatonin in mid-April and also 
observed that this treatment did not suppress the spring prolactin rise.
Exposure of Saanen goats to 20L:4D during late winter (when 
prolactin levels are naturally low) resulted in elevated daytime plasma 
concentrations during the 24 h prolactin profile, and only one peak of 
prolactin production just after dark onset; the dawn peak, observed in
the control profile, was eliminated (Figure 5.10 b). An early study by
Tindal and coworkers (1978) did not observe the circadian variation of
prolactin in female goats held under constant light. Exposure to a
skeleton photoperiod during February again resulted in elevated daytime 
levels, with a peak of prolactin production just after the beginning of 
each dark phase, these peaks being broader and lower than that observed
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in the profile from the animals exposed to 20L:4D (Figure 5.10 c). 
Plasma prolactin levels dropped in the 2 h light pulse between the two 
dark phases in the skeleton photoperiod. A similar pattern was reported 
in sheep (Brinklow and Forbes, 1984a) held under a skeleton photoperiod 
(7L:10D:1L:6D). A trough in the 24 h prolactin profile in sheep was 
observed at dawn during exposure to a skeleton photoperiod (Brinklow and 
Forbes, 1984a). This trough was not apparent in the 24 h prolactin 
profile in Saanen goats held under a skeleton photoperiod (Figure 5.10 
c). However, blood sampling was not as frequent as in the study by 
Brinklow and Forbes (1984a) and the trough may have been missed. Three 
weeks after the light treatment periods the prolactin profiles in the 
20L:4D (group 2) and skeleton photoperiod (group 3) treatment groups had 
returned to the normal bimodal pattern (Figure 5.11 c and d). However, 
the profiles were suppressed, compared to the control profile. Even 
though the suppression was not significant, it may have been due to 
transfer of the goats frcan a long (summer) photoperiod to a relatively 
shorter natural photoperiod; this was équivalant to the photoperiod 
change from sunmer to autumn and prolactin secretion responded 
accordingly . Melatonin treatment of Saanen goats during April reduced 
the 24 h prolactin profile, but the dawn and dusk peaks were still 
evident (Figure 5.11 b). îfelatonin has the same effect on the profile as 
exposure to artificial short-days (Brown and Forbes, 1980). Symons and 
coworkers (1983) reported that melatonin feeding to sheep reduced the 
profile to only one prolactin peak at dusk. This difference may be due 
to the route of administration of melatonin. Treatment of sheep with a 
short-day lighting regime results in a flattening of the 24 h profile 
(Poulton et al., 1987a) or reduction of the profile to only one dusk
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peak (Brown and Forbes, 1980).
During the first month of lactation following advanced breeding, 
there were no significant differences in milk composition, with respect 
to fat, protein and lactose content, between the seasonally-advanced 
(group 1) and control (group 4) animals. However, there was great 
individual variation (even though this was not significant), especially 
when comparing fat content. Since lactation for each group occurred at a 
different time of year and under different nutritions (controls; 
Î^rch/April, 0.3 kg concentrates, seasonally-advanced; December/January, 
0.5 kg concentrates; Chapter 2, Section 2.10.1) comparison of the effect 
of melatonin treatment on lactation following out-of-season breeding, 
becomes invalid. There have been reports that goats breeding out-of- 
season (Ashbrook, 1982) and goats induced to breed after melatonin 
treatment (Chemineau et ^ . , 1988) have milk yields reduced by 7-15 %. 
However, weekly milk yields from the seasonally-advanced goats in this 
study were consistent with yields from untreated primiparous goats in 
the same herd. Reduced milk yields may reflect the nutritional status 
and management of the dairy goat breeding out-of-season. In Greece, 
where indigenous goats have a very short anoestrous period of one of two 
months, during the summer, there are small differences in milk yield 
with the season of kidding (Zygoyiannis, 1988). During winter lactation 
(December to February), milk yield is initially suppressed, due to low 
vegetation quality, compared to spring lactation (February to April). 
However, the total milk yield throughout the whole period of lactation 
is unaffected (Zygoyiannis, 1988).
This study demonstrates a practical means of advancing the breeding 
season of the Saanen dairy goat on the farm. A complete reversal of the
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breeding season can be achieved by advancing two consecutive oestrous 
onsets with artificial long-days followed, immediately, by melatonin 
treatment. If carried out on a larger scale this treatment could solve 
the practical problem of a shortage of goats’ milk during the winter.
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CHAPTER SIX
EXPERIMENT FOUR: THE EFFECTIVENESS OF LONG-DAY 
LIGHT TREATMENT ALONE OR FOLLOWED BY MELATONIN 
TREATMENT TO ADVANCE THE BREEDING SEASON 
OF LACTATING GOATS
6, Long-day and Melatonin Treatment of Lactating Goats
6.1 INTRODUCTION
In the previous experiment (Chapter 5) treatment of goats with a 
long-day photoperiod, without subsequent aMT treatment, during the late 
winter was not very successful and only one goat out of six (17% success 
rate) was induced to breed early. The reason for this low success rate 
may have been due to the breed or age of the goats used.
The annual breeding season of pinealectomized sheep can be driven 
by exposure to a single period of 70 days of long-day photoperiod in the 
winter (Karsch et ^ . , 1989); it is the long-days in the spring that 
synchronize the onset of the next breeding season (Karsch et ^ . , 1989). 
Reports in goats (Ashbrook, 1982; Nordfelt et ^ . , 1982) indicate that 
it is possible to induce out-of-season breeding in intact dairy goats 
using light treatment only. Exposure of goats to a 20 h day from January 
to March initiated oestrous onset 7-10 weeks after return to the 
natural, shorter photoperiod. The goats kidded in September, with peak 
lactation in December and January. However, in these reports 
multiparous, lactating goats, with reproductive and photoperiodic 
experience, were exposed to long-day photoperiods ; the study in Chapter 
5 used goatlings without prior reproductive history. Also, Ashbrook 
(1982) reported that Saanens were less responsive to the treatment than 
breeds such as La Mancha and Nubian. The experiment described in this 
chapter compares the effectiveness of a long-day photoperiod alone with 
long-day followed by aMT treatment to advance the breeding season of 
lactating Saanen goats.
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6,2 MATERIALS AND METHODS
6.2.1 Animals
Sixteen pregnant goats, aged 2-3 years, were divided into two 
groups. The goats were dried-off prior to the light treatment period and 
housed in light-controlled sheds (Chapter 2, Section 2.10.2). Each shed 
housed four goats. The fertility of a male goat, of the same age and
breed, was assessed by means of a sperm count.
6.2.2 Ligjit and Melatcmin Treatments
All 16 pregnant goats were exposed to a 20L:4D (lights on 0400 h, 
light intensity; 379 +_ 72 lux, mean +_ SEM, N=16) photoperiod for an 
average of 49 days prepartum; light treatment commenced on 3 January, 
1989, and ceased the day the animals gave birth. Immediately postpartum 
the goats were returned to a natural photoperiod; 8 remained untreated 
(group 1) for the remainder of the experiment. 8 goats were fed with 3 
mg aMT (group 2), absorbed onto a food pellet (Chapter 3, Section 3.2), 
at 1600 h each day for three months. The male goat was treated with
20L:4D (lights on 0400 h, light intensity; 200 hh 81 lux, mean +_ SEM,
N=16) for 56 days, commencing on 3 January, 1989. On 1 May, 1989 (6 
weeks after the end of the light treatment period) the male, equipped 
with a raddle and crayon, was put to grass with the 16 females; the 
females were observed daily for service by the male , as indicated by 
raddle marks.
6.2.3 Blood Sampling, Goat Growth Assessment and Milk Yield
All female goats were bled twice weekly between 1100 h and 1200 h 
for ten weeks (10 April to 20 June) by venepuncture (Chapter 2, Section 
2.11). Plasma was assayed for progesterone and PRL (Chapter 2, Sections
2.4 and 2.5).
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On 13 April, 2 months after the end of the light treatment period, 
the coat of all the female goats was assessed by weighing test clippings 
from a 15 cm area over the ribs.
The goats were machine-milked twice daily at 0800 h and 1530 h. 
Total weekly milk yields were recorded for each goat in group (2) (N=8) 
for the first 15 weeks of lactation following induction of out-of-season 
breeding. These yields were compared to yields from a group (N=8) of 
untreated control animals, of the same age and breed, and which kidded 
during the previous year, in March, 1988.
6.2.4 Statistical Analysis
The significance of differences in coat growth between the two 
groups was assessed using an unpaired Students’ t-test. Statistical 
differences in mean weekly milk yields between group (2) (aMT-treated; 
N=8) and a group of contemporaries (N=7) were analysed using an unpaired 
Students’ t-test to compare each weeks’ mean yields.
Statistical differences in PRL secretion during the aMT treatment 
period were calculated by comparing the areas - under - the - curve for each 
group using an unpaired Students’ t-test.
6.3 RESULTS
6.3.1 Progesterone Assesaments
The results of the progesterone assessments are shown in Figure
6.1. One goat from group (1) [20L:4D only] contracted Escherichia coli 
mastitis and died one week after giving birth in the last week of 
February, 1989. Four goats in group (1) came into season in mid-May and 
conceived on their first true oestrous cycle. One goat (608) cycled once 
in mid-May (progesterone > 1 ng/ml on two consecutive sampling occasions
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Figure 6.1. Plasma progesterone assessments from female goats in 
Experiment Four, Blood sampling began three weeks before the males were 
put to grass with the females on 10 April, 1989. 20L:4D; group (1) 
animals exposed to 20L:4D photoperiod prepartum, from 3 January, 1989, 
for 49 days. Returned to a natural photoperiod postpartum. 20L:4D + MT; 
group (2) animals exposed to 20L:4D photoperiod prepartum, from 3 
January, 1989, for 49 days, followed immediately postpartum by 3 months 
of daily melatonin feeding (3 mg) at 1600 h. See materials and methods 
for details. Numbers on the right refer to individual animals 
(N=8/group). Plasma progesterone>l ng/ml for two consecutive sampling 
occasions indicates ovarian activity and progesterone>l ng/ml for three 
weeks or more indicates pregnancy.
LU
Z
0
ÛC
ÏÜ
k
lU
<5
1
20LI4D
20 
0
g  20
548
528
515
20L 4D & MT
20
20
531
517
APRIL t
MALE
MAY JUNE
1989
-147-
6. Long-day and Malatanin Treatment of Lactating Goats
indicating an oes trous cycle) but failed to conceive, and did not mate 
successfully until the natural breeding season in September. The 
remaining goats in group (1) did not show out-of-season ovarian activity 
and were mated with the rest of the herd in September. All 8 goats in 
group (2) [20L:4D followed by aMT] came into season in mid-May and
conceived on their first true oes trous cycle. Two goats (531 and 517) 
had peaks of plasma progesterone at the end of May and beginning of 
June; these high levels of progesterone were not maintained, and 
pregnancy was not diagnosed. However, these 2 animals went on to kid at 
the same time as the other goats in the group and had naturally low 
progesterone levels during pregnancy. The seasonally-advanced goats 
subsequently kidded in mid-October, 1989 (Table 6.1), an advance of the 
breeding season of 4 months. Hie kidding rate for the seasonally 
advanced goats in group (1) was 2.00 kids/doe and for group (2), 2,25 
kids/doe.
6.3.2 Seasonal Prolactin Profiles
Seasonal PRL profiles are shown in Figure 6.2. Plasma PRL 
concentrations in the 3 year-old goats (summer; 150-250 ng/ml, winter; 
10-25 ng/ml) are almost an order of magnitude greater than those 
measured in goatlings (sunmer; 20-45 ng/ml, winter; <5 ng/ml; Figure 
5.8). The natural seasonal PRL rise (Figure 5.8 a) occured during April. 
Exposure of goats to 20L:4D prepartum did not influence the timing of 
the seasonal PRL increase, which occured in mid-April (Figure 6.2; group 
1). Treatment of goats with aMT (Figure 6.2; group 2) significantly 
suppressed the initial PRL rise in April (p<0.01) to levels slightly 
greater than those observed during the winter (30-60 ng/ml). When aMT 
treatment ceased on 31 May, aMT production increased dramatically to
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Table 6.1. Mating and kidding dates of goats in Experiment Four
Group Goat Service date Kidding date Kids
20L:4D *528 30/5/89 23/10/89 IF IM
(group 1) *623 30/5/89 20/10/89 2M
*624 30/5/89 20/10/89 IF IM
*616
515
548
608
18/5/89
• September 1989
8/10/89
February 1990
2M
20L:4D + MT *614 18/5/89 12/10/89 2M
*620 30/5/89 21/10/89 3F
*517 15/5/89 14/10/89 IF
*531 21/5/89 21/10/89 IF IM
*601 18/5/89 10/10/89 2F
*605 22/5/89 14/10/89 IF
*609 18/5/89 12/10/89 3M
*615 15/5/89 6/10/89 3F
F; female kid, M; male kid, * 4 month advance of the breeding season.
Exact probability testing indicated no significant differences between 
groups with respect to the number of animals breeding out-of-season.
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levels consistent with group (1).
6.3.3 Coat Growth Assessment
On 6 April, 1989, 3 weeks after the start of aMT treatment, it was
noticed that the goats in group (2) were losing their hair. The hair was
coming out in clumps and the skin was visible under the guard hairs 
remaining. As a result of a coat assessment on 13 April, group (1) had a 
significantly thicker coat than group (2). Mean weight (+_ SEM, N=8) of 
test clippings were as follows; group (1); 4.73 _+ 0.51 g, group (2); 
1.38 +_ 0.60 g; p<0.002. By the end of the aMT treatment period the goats 
in group (2) had grown a new winter coat.
6.3.4 Weekly Milk Yields
For the seasonally-advanced goats (N=8) in group (2) the first 15 
weeks of lactation occurred from mid-October, 1989, to February, 1990. 
For the naturally breeding control goats (N=8) milk yields were recorded 
from the first week in March to June, 1988. Mean weekly milk yields over 
15 weeks from the seasonally-advanced goats (group 2) were suppressed by 
43%, this suppression being highly significant (p<0.0001) when compared 
to mean weekly milk yields over 15 weeks from the group of 
contemporaries (Figure 6.3). Mean weekly milk yields (_+ SEM, N=8) over 
15 weeks was 21.1 2 1*7 kg/week for the control group and 12.0 _+ 0.4
kg/week for the seasonally-advanced goats (group 2).
6.4 DISCUSSION
Treatment of pregnant British Saanen dairy goats with 20L:4D for 7 
weeks prepartum, followed immediately by melatonin feeding (3 mg/day at 
1600 h), resulted in 100% of the goats, in the present study, breeding 
out-of-season in May with subsequent kidding in October; an advance of
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the breeding season of 4 months. Exposure of pregnant goats to 20L:4D, 
without subsequent melatonin treatment, resulted in 57% of the goats 
having a successful oestrous advance. Long-day followed by melatonin 
treatment is therefore more effective for advancing the breeding season 
than long-days without subsequent melatonin in Saanen dairy goats.
Melatonin treatment also appears to increase the fertility of goats 
breeding out-of-season; kidding rate for the melatonin treated goats; 
2.25, and for the seasonally-advanced goats treated with 20L:4D only;
2.00 (Table 6.1). However, this apparent increase in kidding rate after 
melatonin treatment is not significant and, since in the previous study 
melatonin treatment tended to reduce the number of live kids bom to 
goats in their first season, the general statement that melatonin 
increases fertility cannot be made. Melatonin has been suggested to 
increase fecundity in goats, by increasing the duration of oestrous 
cyclicity (Chemineau et , 1987), by increasing the number of fertile 
oes trous cycles (Tamanini et , 1985), and, thereby, increasing the 
number of live kids bom (Chemineau ^  , 1988).
Plasma prolactin concentrations in three-year old, multiparous 
goats during the sunmer (1989), were almost an order of magnitude 
greater than those observed in nulliparous goatlings during the summer 
(1988) before their first breeding season (Figures 5.8 and 6.2). This 
large difference was most likely attributed to the age and lactational 
status of the goats; the multiparous goats were lactating at the time of 
plasma prolactin assessment, whereas the goatlings were about to enter 
their first breeding season. Nutritional status (goatlings were fed 
daily with 0.3 kg concentrates as pellets containing 18% protein, while 
lactating goats were fed 0.5 kg concentrates daily) and temperature
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differences between the years (the sunmer of 1989 was unusually hot), 
may have been other causal factors for the large difference in seasonal 
prolactin levels during the summer in multiparous and nulliparous goats.
In the present study it was observed that immediate postpartum 
treatment of lactating goats with melatonin, for three months, induced 
moulting of the winter coat before the summer coat had a chance to grow. 
This effect of melatonin may be via its action on prolactin secretion. 
In deer, the natural seasonal rise in prolactin in April may induce the 
spring moult, since blockade of this prolactin rise with the antagonist, 
bromocriptine, delays the moult by up to six weeks (Bubenik et al., 
1985; Cur lewis et , 1987). During this study melatonin suppressed the 
spring prolactin rise; prolactin levels increased but were 10-fold less 
than those observed during the natural seasonal rise (Figure 6.2). 
Unfortunately, plasma prolactin was not assessed during the exposure to 
a 20L:4D photoperiod. Following the results from the previous experiment 
(Chapter 5) where 20L:4D exposure induced a 5-week early seasonal rise 
in prolactin (Figure 5.8), it could be assumed that 20L:4D exposure of 
the goats in the present study also induced a rise in plasma prolactin. 
This rise in prolactin may have accelerated the whole coat growth 
cycle; a moult occurred faster than the new coat could grow. However, 
instead of the usual summer coat being grown, treatment with melatonin 
suppressed prolactin, as occurs during the autumn/winter, and a winter 
coat grew instead. Cessation of melatonin treatment resulted in a 
rebound effect as prolactin production rapidly increased (Figure 6.2). 
This effect has also been observed in sheep iimiediately after melatonin 
treatment (Poulton et ^ . , 1987a and 1989). However, this large increase 
in plasma prolactin did not elicit another coat moult, suggesting that
-154-
6. Long-^y and Melatonin Treatment of Lactating Goats
the maintenance of a winter coat is independent of prolactin.
Consistent with reports by Chemineau and coworkers (1988) and
Ashbrook (1982), it was observed that multiparous goats breeding out-of­
season had reduced milk yields, following induced early breeding with 
light and melatonin treatment. Reduced milk yield may have been due to a 
combination of naturally low plasma prolactin levels during the 
autumn/winter lactation period (Chemineau ^  ^ . , 1988), nutritional
status during lactation (during the spring/summer lactation period the
goats were put to grass and fed 0.5 kg concentrates, during autumn/ 
winter the goats were housed and fed 1 kg concentrates plus silage), 
winter inappetance, and low plasma levels of maramogenic and lactogenic 
hormones, such as prepartum placental lactogens and growth hormone 
affecting udder development (Forsyth et ^ . , 1985; Lee and Forsyth,
1987), and subsequent milk production, during the autumn/winter.
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CHAPTER SEVEN
EXPERIMENT FIVE: THE EFFECTIVENESS OF A SKELETON PHOTOPERIOD 
AND A FULL LONG-DAY PHOTOPERIOD. IN EACH CASE FOLLOWED 
BY MELATONIN. TO ADVANCE THE BREEDING SEASON OF GOATLINGS
7. Skeleton Photoperiod Treatment of Goatlings
7.1 INTRODUCTION
Skeleton photoperiods are designed to mimic a full long-day
photoperiod. One or two hours of extra light is given in the middle of 
the night (Ravault and Ortavant, 1977; Brinklow and Forbes, 1984a and b; 
Schanbacher, 1988). This results in two blocks of light exposure, the 
second block being given 16-17 h after the beginning of the first block 
of light (Ravault and Ortavant, 1977; Brinklow and Forbes, 1984b). Two 
periods of melatonin production occur, the durations of which correspond 
to the two dark phases, separated by a light ’pulse' (Ravault and 
Thimonier, 1988). The block of melatonin secretion after the light pulse 
appears to be unimportant, as Goldman (1983) observed in the hamster, 
and the animal responds to the profile as if it were a long-day with the 
appropriate reproductive (Schanbacher, 1988; Ravault and Thimonier,
1988) and prolactin (Ravault and Ortavant, 1977; Brinklow and Forbes, 
1984a and b; Ravault and Thimonier, 1988) responses.
The use of a skeleton long photoperiod, instead of a full long-day, 
to manipulate breeding seasons would reduce the amount of light energy 
used and, on a practical level, would be more cost-effective if used on 
a large scale. The following experiment compares the effectiveness of a 
skeleton photoperiod to mimic a long-day, with a full long-day 
photoperiod, followed in each case by melatonin treatment, to induce 
fertile out-of-season breeding in the Saanen dairy goat,
7.2 MATERIALS AND METHODS
7.2.1 Animals
Sixteen female goatlings, aged 12 months, were randomized into two 
equal groups, according to live body weight. Both groups were housed
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during the light treatment period in separate light-controlled rooms (4 
goats/room) at ambient temperature (Chapter 2, Section 2.10.2). The 
fertility of a male, aged 3-4 years and of the same breed, was assessed 
by means of a sperm count.
7.2.2 Photoperiod and Melatonin Treatment of Goatlings
The light treatment period was for two months (31 January to 31 
March, 1989). The two groups of 8 goatlings were treated as follows;
Group (1); 20L:4D (lights on; 0400 h, light intensity; 379.4 _+ 71.8 
lux; mean +_ SEM, N=16) during the light treatment period. Drenched daily 
at 1600 h with 5 ml of an aqueous solution containing 3 mg aMT for three 
months from 1 April to 31 June, 1989.
Grotq) (2); Skeleton photoperiod (li^ts on 0400-0900 h, natural 
light until 2200 h, lights on 2200-2400 h, light intensity; 442.0 _+ 101; 
mean _+ SEM, N=16) during the light treatment period. Melatonin drenching 
as for group (1).
The male goat was also exposed to 20L:4D (lights on; 0400 h, light 
intensity; 200 _+ 81 lux; mean +_ SEM, N=16) for two months (31 January to 
31 March, 1989). On 1 May, 4 weeks after the end of the light treatment 
period, the male was allowed to run with the females at grass. The male 
was equipped with a raddle and crayon (colours changed weekly) and the 
females were observed daily for service by the male (as indicated by 
raddle marks).
7.2.3 Blood Sampling and Milk Yield
Twice weekly blood samples, between 1100 and 1200 h, were taken 
from all female goatlings by venepuncture (Chapter 2, Section 2.11), for 
three months (2 May to 31 July, 1989). Plasma was assayed for
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progesterone using an ELISA validated for use in goats' plasma (Chapter 
2, Section 2.4).
The goats were machine-milked, twice a day, at 0800 h and 1530 h. 
From day 2 postpartum, weekly milk yields from each goat were recorded 
for the first 19 weeks of lactation following induced early breeding 
with light and aMT treatment. Weekly milk yields from a group of 
untreated contemporaries (N=7), which kidded in March, 1989, at the 
natural time of year, were also recorded from day 2 postpartum for the 
first 19 weeks of lactation.
7.2.4 Statistical Analysis
Statistical differences in milk yield between the seasonally- 
advanced goatlings (N=14) and a group of untreated contemporaries (N=7), 
were calculated using an unpaired Students' t-test to compare mean 
weekly yields.
7.3 RESULTS
7.3.1 Progesterone Assessments
The results of the progesterone assessments are shown in Figure
7.1. All 8 goatlings in group (1) [20L:4D + aMT] and 6 goatlings from 
group (2) [SP + aMT] came into season in mid-June/July, 1989, an advance 
of the breeding season of 3.5 months. These goats subsequently kidded in 
November and December, 1989, with a kidding rate of 2.00 kids/doe for 
each group (Table 7.1). The success rate for inducing oestrous advance 
in each group was; group (1); 100%, group (2); 75%.
7.3.2 Milk Yields
Figure 7.2 compares the mean weekly milk yields from the 
seasonally-advanced aMT-treated goatlings with those from a group of 
untreated goatlings breeding in a natural season. There were no
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Figure 7.1. Plasma progesterone assessments from female goatlings in 
Experiment Five. Blood sampling began when females were put to grass 
with the male on 1 May, 1989, 4 weeks after the end of the light 
treatments. 20L:4D + MT; group (1) exposed to 20L:4D for 2 months from 
31 January, 1989, followed by 3 months daily melatonin drenching (3 mg/5 
ml) at 1600 h. SP + Ml; group (2) exposed to a skeleton photoperiod 
Uights on 0400-0900 h and 2200-2400 h) for 2 months and melatonin as 
above. Numbers on right refer to individual animals (N=8/group). 
Progesterone>1 ng/ml for 2 sampling occasions indicates ovarian activity 
and for 3 weeks or more indicates pregnancy.
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Table 7.1. Mating and kidding dates of goats in Experiment Five
Group Goat Service date Kidding date Kids
20L:4D + MT *11 12/6/89 11/11/89 2F
(group 1) *64 5/6/89 6/11/89 2M
*66 8/6/89 7/11/89 2F
*72 17/6/89 17/11/89 2M
*91 15/6/89 14/11/89 2F
*13 13/7/89 12/12/89 2F
*68 19/6/89 18/11/89 IF IM
*76 16/6/89 15/11/89 IM IF
Skeleton *71 12/6/89 12/11/89 IF IM
photoperiod *12 19/6/89 18/11/89 IF IM
+ MI *77 6/6/89 12/11/89 2M
(group 2) *80 11/6/89 17/11/89 2F
*93 12/7/89 15/12/89 2F
*97 17/6/89 16/11/89 2F
88 September 1989 February 1990
90 September 1989 February 1990
F; female kid, M; male kid, *3 month advance of the breeding season.
Exact probability testing indicated no significant differences between 
groups with respect to the number of animals breeding out-of-season.
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7. Skeleton Ehotoperlod Treatment of Goatlings
significant differences between mean weekly milk yields for each group. 
Mean milk yields over the first 19 weeks of lactation were as follows ; 
untreated controls; 11.6 jh 0.4 kg/week (mean _+ SEM, N=19), seasonally- 
advanced goatlings; 11.8 +_ 0.4 kg/week (mean _+ SEM, N=19).
7.4 DISCUSSION
The present study demonstrates that a skeleton long photoperiod is 
not as effective in inducing fertile out-of-season breeding in the dairy 
goat as a full long-day, when given preceding melatonin treatment; 
20L:4D was 100% successful, whereas, a skeleton photoperiod was 75% 
successful in advancing the breeding season (Table 7.1). The reason for 
this lower incidence of early oestrus with the skeleton photoperiod 
treated animals is unclear; perhaps melatonin was not suppressed by the 
2 h light pulse in the two animals that did not respond, and the profile 
was interpreted as a short-day, which would not remove the photo­
refractory state to short-days during late winter. Since 24 h melatonin 
profiles were not assessed in this experiment, this theory cannot be 
proven.
A skeleton photoperiod was used by Chemineau and coworkers (1986) 
in a study to induce ovarian and pituitary activity in anoestrous dairy 
goats with light and melatonin treatment. A photoperiod was used in 
which dawn was fixed at 0530 h, dusk varied naturally, and two hours of 
extra light was given from 16 to 18 h after dawn. Vasectomized males 
were used and so the fertility of out-of-season breeding, induced with a 
skeleton photoperiod and melatonin treatment, was not confirmed. In the 
present study a skeleton photoperiod to mimic a 20 h day, for symmetry 
with 20L:4D, was used; dawn was fixed at 0400 h, dusk was variable and 2 
h of light was given from 18-20 h after dawn. This light treatment.
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followed by melatonin, was proven to be an effective means of advancing 
the breeding season in dairy goats. The skeleton photoperiod used by 
Chemineau and coworkers (1986) was devised to mimic an 18 h day (extra 
light being given from 16-18h after dawn); this light pulse was read as 
a long-day and the timing of the light pulses (16-18 h vs. 18-20 h) were 
interpreted in the same manner by the goats in each study. Skeleton 
photoperiods have also been used to induce ovarian activity in ewes 
(Ravault and Thimonier, 1988) as well as to produce 'super' rams 
(Schanbacher, 1988) and bucks (Chemineau et al., 1988). Exposure of rams 
and bucks to alternating periods (4-8 weeks) of skeleton long 
(7L:9D:1L:7D) and short photoperiods (8L:16D) overcomes seasonal 
testicular regression and decline in libido, and induces testosterone 
production, resulting in a ram or buck 'for all seasons'.
As seen previously in Experiment Three, treatment of goatlings with 
light and melatonin, to induce out-of-season breeding, does not effect 
subsequent milk yields of the seasonally-advanced goats.
In conclusion to the last three chapters; the most efficient means 
of inducing out-of-season breeding in the dairy goat is 2 months of 
20L:4D photoperiod during the late winter, to remove the photorefractory 
state imposed on the goats under short-days, followed by three months of 
melatonin treatment, in the form of feeding, drenching or implantation. 
This strategy could be used to induce 100% successful, fertile breeding 
in goatlings, in their first season, as well as in pregnant/lactating 
goats. However, the minimum time periods for both 20L:4D photoperiod 
exposure and melatonin treatment have not been established,and require 
assessment to gain maximum advantage from these treatments.
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CHAPTER EIGHT
TWENTY-FOUR HOUR MELATONIN AND PROLACTIN PROFILES 
THROUGHOUT THE YEAR IN GOATS
8. 24 h Melatonin and Prolactin Profiles During the Year
8.1 INTRODUCTION
During two years, on five occasions, blood samples were taken from 
a group of untreated female goats throughout a 24 h period and under a 
natural photoperiod. These samples were assayed for aMT and PRL by RIA, 
the results of which are brought together in this chapter. Some of the 
profiles have already been discussed in previous chapters, but the ten 
profiles require comparison and discussion.
Both aMT and PRL have distinct 24 h secretory profiles (melatonin; 
Arendt et ^ . , 1981a; Kennaway et ^ . , 1982b; goats; Maeda et ^ . , 1984; 
prolactin; Brown and Forbes, 1980; Kennaway et ^., 1983). These
profiles vary circannually and are important in relaying information to 
the animal regarding the seasons, with respect to photoperiod and 
temperature. The pattern of the aMT 24 h profile, especially the 
duration of high plasma levels of aMT, is thought to be critically
important in the mechanism of information transfer (Goldman, 1983).
Arendt and coworkers (1981a) demonstrated a close relationship between 
the duration of high aMT production with natural darkness throughout the 
year in sheep.
8.2 MATERIALS AND METHODS
8.2.1 Animals
The same six female goats were used for four out of five of the 24
h bleeds. For the August bleed (11 August, 1987) five different goats,
of the same breed and from the same herd, were used, aged 18 months. The 
other six goats were 12 months old on the date of their first 24 h bleed 
(11 February, 1988). All goats had never received treatment of any kind. 
The day before each 24 h sampling period, the goats were housed in a
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large bam, in separate pens, near an open bam door, thus allowing the 
animals direct exposure to natural light.
8.2.2 Blood Sampling
The dates of the five 24 h sampling periods were as follows ; 11 
August, 1987; 11 Febmary, 1988; 28 April, 1988; 10 November, 1988; 5 
September, 1989. On each occasion, except 11 February, blood samples 
were collected by cannulation (Chapter 2, Section 2.11). On 11 February, 
1988, samples were collected by venepuncture. Blood samples (5 ml) were 
collected every hour during the natural dark phase, and every two hours 
during the light phase. Dark phase samples were collected under a dim 
red light which did not register on the light meter at 10 cm and had a 
light intensity of <0.1 lux. Plasma was assayed for aMT (Chapter 2, 
Section 2.2) and PRL (Section 2.5) using direct RIAs validated for use 
in goats’ plasma.
8.3 RESULTS
8.3.1 24 h Melatonin Profiles
The mean (^ SEM, N=6 and N=5 for August, 1987) 24 h aMT profiles
are presented in Figure 8.1 a-e. In each profile the duration of high 
plasma aMT concentrations reflected the dark phase, being long in the 
winter and short during the sunmer. In all cases the daytime aMT levels 
were <10 pg/ml. Dark phase levels ranged from 60-70 pg/ml in February, 
40-45 pg/ml in April, 40-45 pg/ml in August, 20-25 pg/ml in September 
and 35-40 pg/ml in November. In general, the profiles were relatively 
smooth.
8.3.2 24 h Prolactin Profiles
The mean (j^ SEM, N=6 and N=5 for August 1987) 24 h PRL profiles are
- 1 6 5 -
1 1  F e b r u a r y  1 9 8 8  
9 . 6 L : 1 4 . 4 D
9 September 1989
13^6L:10.76D
Plem e melatonin (pg/ml)
100
■0
00
40
20
CiOO MiOO 1&00 2& 00  t o o  & 00 IfaOO
Ploomo melatonbi (pg/ml)
100
00
00
40
20
«lOO 14:00 WOO 2&00 & 00 & 00 WOO
Time (W Time (h)
2 8  A p r i l  1 9 8 8  
1 4 . 8 L : 9 . 2 D
Plaoma melelonin (pg/ml)
00
00
40
20
10:00 14:00 WOO 2AOO ftOO 0:00 WOO
1 0  N o v e m b e r  1 9 8 8  
9 U 1 6 D
Plaoma melatonin (pg/ml)
100
00
00
40
20
woo MrfM) woo 2 & 00  ftOO « 0 0  WOO
Time (W Time (K)
1 1  A u g u s t  1 9 8 7  
1 4 . 8 L : 9 . 2 0
Plaoma melatonin (pg/ml)
100
00
00
40
20
w o o  M rf»  w o o  2& 00  ftOO M O  WOO
Figure 8.1. Twenty-four hour plasma 
melatonin profiles througjiout the 
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presented in Figure 8.2 a-e. The February profile shows a distinct peak 
of PRL secretion at dusk with a much smaller peak at dawn. Daytime 
plasma PRL is <15 ng/ml during February. The August and April profiles 
also appear to be bimodal with peaks of PRL production at dawn and dusk; 
however these peaks are not as evident as the dusk peaks in winter. In 
September, plasma PRL is higher during the day than at night with a 
large rise in PRL at the end of the 24 h sampling period, perhaps due to 
stress on removal of the cannuli. Daytime plasma PRL levels are within 
the range of 20-90 ng/ml in April, August and September. Generally, 
daytime PRL levels are 4-10 times greater in the summer than during the 
winter. In November, daytime PRL levels are negligible in the plasma. 
However, a small peak of PRL production still occurs at dusk and, if the 
scale of the graph is increased, the dawn peak is observed but with 
levels an order of magnitude lower than those observed during the spring 
and sumner PRL profiles. Plasma PRL concentrations are significantly 
higher (p<0.005; unpaired Students' t-test to compare areas under the 24 
h profiles for each date) during the summer than during the winter.
8.4 DISCUSSION
As has already been reported in sheep (Rollag and Niswender, 1976; 
Rollag et ^ . , 1978b; Arendt et ^ . , 1981a; Kennaway et ^ . , 1983), high 
concentrations of melatonin in goat plasma corresponded to the dark 
phase in the natural light-dark cycle (Figure 8.1). The 24 h melatonin 
profile in goats varied circannually, with a short profile in the summer 
and a long, flatter profile in the winter. In this way photoperiodic 
information regarding the seasons is relayed to the animal via the 
melatonin signal. The pattern of melatonin secretion is thought to be
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important in information transfer (Goldman, 1983) about the seasons. In 
anoestrous sheep (Arendt et ^ . , 1981b) the profile appeared to be 
ujiimodal, whereas during the breeding season (winter) a bimodal pattern 
of melatonin secretion was observed. However, interpretation of these 
results is complicated by long sampling intervals (3-hourly; Arendt et 
al., 1981b). In goats, as in sheep, bimodality is more evident in 
individual profiles (not presented) than in group data. English and 
coworkers (1987a) have observed pulsatile variations of melatonin 
production at night, with frequent sampling (30-sec) from cannulated 
sheep. This episodic release of melatonin has also been observed in the 
cerebral ventricular sinuses of sheep (Cozzi et ^ . , 1988) every 15-20 
mill, but the physiological importance of these pulses to the seasonal 
breeder is unknown. Pulsatile secretion of melatonin was not observed in 
goats during the present study, perhaps due to infrequent blood 
sampling. Generally, the 24 h melatonin profiles in Saanen goats 
throughout the year appeared to be relatively smooth.
The 24 h plasma prolactin profile in goats does not have such a 
distinctive pattern as the melatonin profile (Figure 8.2). In general, a 
sharp peak of production (in the range 150-250 ng/ml) occurred at dusk 
during the late winter/early spring (at the beginning of lactation and 
anoestrus), with a much smaller peak (in the range 20-40 ng/ml) at dawn. 
This pattern appeared to be lost in the summer, when the profile took on 
a smoother pattern, but remained bimodal. During mid-winter plasma 
prolactin concentrations were an order of magnitude lower than in the 
spring/summer, but the bimodal pattern of secretion remained. Plasma 
concentrations were significantly higher (p<0.005) in the summer, when 
photoperiod was long, than during the winter. This circadian rhythm of
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prolactin secretion was not observed in female Saanen goats which were 
held under constant light (Tindal et , 1978). Similar circadian
variations in prolactin secretion have been observed in sheep, under 
natural and artificial photoperoids. Kennaway and colleagues (1983) 
reported a circamual variation in the 24 h prolactin profile in sheep. 
During the suinner, peaks of prolactin were observed at the beginning and 
end of the dark phase, the pattern being lost in the winter, when plasma 
prolactin was low (Kennaway e^ ^ . , 1983). These observations are
contrary to the present study, where the 24 h bimodal pattern of 
prolactin remained during the winter in goats. Poult on and coworkers 
(1987a) measured a distinct dusk peak in November in sheep, and Brown 
and Forbes (1980) observed a similar dark-onset peak in sheep held under 
an artificial short-day photoperiod. Under artificial long photoperiods. 
Barren and Lapwood (1978) observed a peak of prolactin just before 
lights-on. Brinklow and Forbes (1984a and b) reported a distinct 
' trough' at dawn, preceded by a small peak, during the profile in sheep 
held under short and skeleton long photoperiods. Prolactin secretion in 
sheep, during a 24 h period, has been reported to be episodic; these 
pulses of production are suppressed in the winter in comparison to the 
summer (Kennaway et al., 1981; Ra vault et n ., 1987). Episodic secretion 
of prolactin was not observed during this study, perhaps due to 
infrequent sampling, but the 24 h prolactin profile was suppressed 
during the winter in goats.
-170-
CHAPTER NINE
EXPERIMENT SIX: THE DISTRIBUTION OF MELATONIN 
INTO GOATS* MILK AND TISSUES FROM VARIOUS 
MELATONIN PREPARATIONS
9. Distribution of Melatonin in Goats* Milk and Tissues
9.1 INTRODUCTION
If aMT was to be used comercially to manipulate the breeding 
seasons of goats and, thus, to enable goat products to reach the market 
when prices are at a premium, the amount of aMT residues in these edible 
products requires assessment to ensure they are fit for human 
consumption. This experiment compares the distribution of aMT, from 
three preparations, into the milk and tissues of the dairy goat. The 
tissues were also examined histologically to determine whether aMT 
treatment caused an affect at the cellular level to induce 
abnormalities.
9.2 MATERIALS AND METHODS
9.2.1 Animals
Sixteen lactating, multiparous goats, aged 4 years, were divided 
into four equal groups (N=4/ group). The animals had never been treated 
with aMT. The animals were housed at night in a large bam and during 
the day were allowed access to the field.
9.2.2 Melatonin Treatments
The aMT treatment period started on 10 May, 1988, and continued for 
6 weeks, finishing on 21 June. The four groups of 4 goats were treated 
as follows;
Group (1): Implanted subcutaneously (Chapter 5, Section 5.2.2), 
under local anaesthetic, with three silicone-based implants containing 
12 mg aMT each.
Qraap (2): Each goat given one intraruminal glass bolus (Pilkington 
Technology Centre, Hall Lane, Latham, Ormskirk, Lancs., U.K.) containing 
150 mg aMT. The boluses were composed of polymer-bonded, soluble 
phosphate glass, incorporating powdered aMT, and were prepared at
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Pilkington in collaboration with the Department of Biochemistry, 
University of Surrey (Poulton e^ al., 1987b). Each bolus was cylindrical 
in shape (diameter 1.8 cm, length 3.0 cm) with an average mass of 23 g 
and specific gravity of 3.0. Variations in the polymer-bonded soluble 
glass formulation altered the aqueous solubility of the bolus and 
determined the release rate of aMT. The bolus used in this experiment 
was a slow-release formulation (Poulton ^  al., 1987b).
Group (3): Fed daily with a aMT-food pellet (Chapter 3, Section
3.2.2), containing 3 mg aMT, at 1600 h.
Group (4): Controls; untreated.
9.2.3 Blood and Milk Sampling
Twice weekly blood samples (5 ml) were taken from all goats, during 
the aMT treatment period, between 1500 h and 1600 h. Samples were 
collected by venepuncture (Chapter 2, Section 2.11)and the plasma 
assayed for aMT using a RIA validated for use in goats' plasma (Section
2 .2).
The goats were machine-milked twice daily at 0800 h and 1530 h. 
Twice weekly milk samples (20 ml) were collected at the morning and 
afternoon milkings ; the udder was emptied of milk and the sample was 
taken from the milk pool for each goat, so that the sample was 
representative of all the milk taken from the goat during one milking 
period. Milk samples were stored at -20°C until assayed for aMT using a 
RIA validated for use in goats' milk (Section 2.3). Thin-layer 
chromatography (TLC) (Section 2.7) was used to confirm the nature of the 
aMT-like immunoreactivity measured in the milk assay. Weekly milk yields 
were recorded for each animal; 3 weeks pretreatment and 5 weeks post­
treatment .
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9.2.4 Goat Slaughter
On the 27 and 28 June, 1988, all the aMT-treated goats (N=12) were 
slaughtered with 30-40 ml of phenobarbitone (Euthatal; 200 mg 
phenobarbitone sodium/ ml; RMB Animal Health Ltd., Dagenham, Essex, 
U.K.) injected into the left external jugular vein. The animals in group 
(4) [controls] were not slaughtered since they were good milkers and 
could not be lost from the herd. A control group of untreated younger 
animals (aged 2-3 years, N=4), of the same breed, were slaughtered on 17 
and 18 June, 1988, to provide control tissue samples (these animals were 
on a different trial, in which no drugs had been administered, and were 
due for slaughter). The live weight of each animal was recorded before 
slaughter. Immediately after slaughter the major organs were dissected 
out and weighed. Two samples (approximately 20 g each) of liver, kidney, 
kidney fat, muscle, mamnary gland, rumen and reticulum were taken from 
each animal; one sample was fixed in 1 0 % formalin for histological 
examination (Chapter 2, Section 2.9), and the other immediately frozen 
in liquid nitrogen and stored at -20°C until assessed for aMT residues.
9.2.5 Assessment of Melatonin Residues in Goat Tissues
The liver, kidney, mammary gland and muscle were assessed for aMT 
residues. The tissues were thawed at room temperature and 1.0 g of 
tissue was homogenized in 4 ml of Tricine buffer. A Potter homogenizer 
(glass homogenizer; Callenkamp, Loughborough, Leics. U.K.) was used for 
soft tissues, while a Polytron homogenizer (type PT 10, Northern Media 
Supply Ltd., New Port Rd., Brough, North Humberside, U.K.) was used for 
tough tissues. Melatonin was extracted from the tissue homogenates with 
chloroform; 1 ml homogenate and 5 ml chloroform was transferred to a 
glass screw-capped tube (15 ml). The chloroform/homogenate mixture was
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vortex-mixed for 10 sec and then centrifuged for 30 min at 2,600 rpm. 4 
ml of the chloroform layer (bottom layer) was removed using a glass 
pipette and transferred into a glass screw-cap tube (5 ml). The 
chloroform was dried-down in a centrifugal evaporator, the chloroform 
vapour being collected over a liquid nitrogen trap. The tissue extract 
was re suspended in 1.2 ml Tricine buffer and assayed for aMT against a 
Tricine buffer curve (Chapter 2, Section 2.3). TLC (Chapter 2, Section 
2.7) was used to confirm the nature of the aMT-like immunoreactivity in 
the tissue extracts.
9.2.6 Statistical Analysis
Statistical differences in mean weekly milk yields between pre- and 
post-aMT treatment were assessed using an unpaired Students’ t-test. 
Differences between groups were analysed using a two-way analysis of 
variance, treatment blocks being pre- and post-aMT treatment. 
Differences in aMT content/immunoreactivity in the tissues of aMT 
treated and untreated (younger) goats were calculated using an unpaired 
Students’ t-test.
9.3 RESULTS
9.3.1 Plasma Melatoniii Concentrations after Implantation,
Bolus Treatment and Oral Admlnistratiaa of Melatonin
Figure 9.1 presents the mean (_+ SEM, N=4/group) daytime plasma aMT 
concentrations after implantation (group 1 ), treatment with an 
intraruminal bolus (group 2) and aMT feeding (group 3). Except for the 
occasional day (10 and 35), control (group 4) mean daytime aMT 
concentrations were <16 pg/ml. After implantation with 3 X 12 mg aMT, 
mean daytime plasma levels reached a maximum of 190.9 2 58.3 pg/ml (mean
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+_ SEM, N=4) 10 days after implantation. Concentrations declined to 
within the night-time range (30-90 pg/ml) by day 14, post-treatment, and 
remained within this range for the rest of the sampling period (42 days 
in all). Mean daytime plasma aMT concentrations were at their highest of
513.7 _+ 115.7 pg/ml (mean ^  SEM, N=4) on day 7 post-treatment, following 
treatment with an intraruminal glass bolus containing 150 mg aMT. Levels 
rapidly declined to 88.1 _+ 47.1 pg/ml (mean _+ SEM, N=4) by day 17 post­
treatment and remained within the night-time range for the remainder of 
the sampling period. Melatonin feeding resulted in high aMT 
concentrations in the plasma on certain days, depending on when the 
sample was taken; occasionally (days 3, 10 and 17) blood sampling of all 
16 goats took longer than an hour and samples were taken after 1600 h 
when the animals had been given their aMT pellets. Except for these 
three days, afternoon (1500-1600 h) aMT levels remained <30 pg/ml and 
below the night-time range.
9.3.2 Milk Melatonin Concentrations after Implantation,
Bolus Treatment and Oral AdministratiOTi of Melatonin
The nature of the aMT-like immunoreactivity measured in the milk 
aMT assay was confirmed to be aMT after TLC, the results of which are 
presented in Figure 9.2. Melatonin-like immunoreactivity was observed at 
the same distance from the origin in the test, %-aMT, and standard aMT 
strips. Rf values for the compounds were as follows, where Rf = distance 
moved by compound/distance moved by solvent front (chloroform/methanol, 
9:1 v/v) on the silica gel plate: %-aMT; 0.63, standard aMT solution (1 
mg/ml in ethanol); 0.60, milk aMT chloroform extract; 0.63.
The results of the milk aMT assessments are presented in Figures
9.3 (morning) and 9.4 (afternoon). In general, milk aMT concentrations
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are greater in the morning than in the afternoon, due to the 
accumulation of aMT in the milk overnight. The bolus preparation is the 
only form of aMT which releases significant amounts of the hormone into 
the milk; concentrations in both afternoon and morning milk were at
their highest on day 7 post-treatment, concentrations being 290.5 _+ 
132.0 pg/ml and 1004.4 _+ 250.0 pg/ml milk respectively. Melatonin levels 
in milk from implanted and aMT-fed animals were not significantly
different from concentrations measured in milk from control goats.
9.3.3 Milk Yields
>fean milk yields for each group are presented in Figure 9.5. ^^an 
milk yields over the 3 pre- and 5 post-aMT treatment weeks were as 
follows (N=4 for each group);
Pretreatment(meantSEM) Post-treatment(meantSEM)
(kg/wk; N=3) (kg/wk; N=5)
Implant (1) 21.32+0.87 19.62+0.94
Bolus (2) 22.32 + 0.32 19.36 + 0.49
Feeding (3) 19.40 + 1.00 16.73 + 0.72
Control (4) 26.86 _+ 0.79 25.45 _+ 0.36
There were no significant differences between individual weekly 
yields and between pre- and post-aMT treatment in each group. There were 
no significant group differences in mean weekly milk yield when 
comparing the aMT-treatment groups. The control animals had 
significantly greater milk yields (p<0 .0 0 0 1 ); these animals were not 
slaughtered because they were good milkers and could not be lost from 
the herd. The goats in the aMT treatment groups were chosen for 
treatment because they were relatively poor milkers and would not be 
missed from the herd.
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Covariance analysis of the individual goats' weekly milk yields indicated 
no significant differences betweeen treatment groups as well as between 
pre- and post-melatonin treatment milk yields. The means of the milk yields 
during weeks 2 and 3 were taken as covarients.
W eekly milk yield (kg /w eek)
1 2 3
P R E ­
T R E A T M E N T
4 5 6 7 8
P O S T - T R E A T M E N T
mplant  Bolus [ZÎEI Feeding Cont ro l
Figure 9.5. Mean weekly milk yields from goats treated with melatonin 
during lactation. Week 1 started 21 April, 1988. Melatonin treatment 
commenced 10 May, 1988. Weeks 1-3 are pre-melatonin treatment, weeks 4-8 
are post-melatonin treatment. Treatments as previously described in 
Figure 9.1. Bars represent group mean +_ SEM, N=4. Two-way analysis of 
variance indicated that there were no significant differences in milk 
yields between each group of melatonin-treated animals, both pre- and 
post-melatonin treatment. Melatonin treatment did not significantly 
suppress weekly milk yield during the first five weeks after treatment.
-181-
9. Distribution of Melatonin in Goats' Milk and Tissues
9.3.4 Histological Examination of Tissues from Melatonin 
Treated Goats
After histological examination under the microscope no obvious 
abnormalities were observed in the kidneys, perirenal fat, rumen, 
reticulum, mammary gland and muscle. Some animals appeared to have fat 
infiltration in the liver; large fat-containing vacuoles were present 
within the hepatic lobules (Plates 9.1 to 9.4). Dr. J. Howarth, the 
histologist in the Biochemistry Department of the University of Surrey, 
performed an independant, 'blind' assessment of the liver sections from 
the aMT-treated goats (average age _+ SEM; 61.9 _+ 3.3 months) plus 4 
control animals (average age _+ SEM; 40.0 _+ 1.0 months), which were 2 
years younger. The livers formed 3 categories;
(a) Little or no fat: Implant (group 1); 1 goat
Feeding (group 3); 3 goats
Control (group 4); 3 goats
(b) Fat periportal: Bolus (group 2); 1 goat
(c) Fat centrilobular: Implant (group 1); 3 goats
Bolus (group 2); 3 goats
Feeding (group 3); 1 goat
Control (group 4); 1 goat
All goats, except one control animal, were lactating at the time of 
slaughter. The one bolus-treated goat, with periportal fat deposites in 
the liver, was a very old goat (86 months). Two untreated goats, of the 
same age and at the same stage of lactation as the aMT-treated goats, 
were slaughtered exactly one year later (27 June, 1989). On examination 
of liver sections from these animals, fat infiltration was observed. In 
some of the livers there were varying amounts of inflammatory infiltrate
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Plate 9.1. Transverse sections through a liver lobule from 2 lactating 
goats. A; untreated control goat, aged 39 months. B; implanted sub- 
cutaneously with 3 silicone-based implants containing 12 mg melatonin 
each on 10 May, 1988, 6 weeks before slaughter. Aged 63 months. H; 
hepatocyte, S; sinusoid, V; central vein. I; inflammatory infiltrate. 
Haematoxylin and eosin staining. Magnification X 100.
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Plate 9.2. Transverse section through a liver lobule from a lactating 
goat, subcutaneously implanted with 3 silicone-based implants containing 
12 mg melatonin each on 10 May, 1988, 6 weeks before slaughter. Aged 63 
months. A; magnification X 100. B; same section of liver magnified X 
250. H; hepatocyte, F; centrilobular fat droplet, V; central vein, R; 
red blood corpuscles. Haematoxylin and eosin staining.
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Plate 9.3. Transverse section through a liver lobule from an untreated 
lactating female goat, aged 39 months. A; magnification X 100. B; same 
section magnified X 250. H; hepatocyte, V; central vein, S; sinusoid, F; 
centrilobular fat droplet. Haematoxylin and eosin staining.
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Plate 9-4. Transverse section through a liver lobule from a lactating 
goat given an intraruminal glass bolus containing 150 mg melatonin on 10 
May, 1988, 6 weeks before slaughter. Aged 8 6 months. F; periportal fat 
droplet, H; hepatocyte, S; sinusoid. Haematoxylin and eosin staining. 
Magnification X 250.
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(predominantly eosinophils).
9.3.5 Distribution of Melatonin into Goat Tissues
Tissue aMT-like imnunoreactivity is presented in Table 9.1 and 
Figure 9.6.
Table 9.1 Melatonin immunoreactivity measured in goats' tissue 
aMT-like Immunoreactivity (mean pg/g tissue _+ SEM, N=4) 
Control Bolus Implant Feeding
Liver 145.6+24.0 97.5+20.7 137.9+23.6 132.0+23.8
Kid]iey 282.2+11.2 *215.3+19.5 **204.2+7.3 *165.1+22.7
Mammary gland 188.3+29.2 172.4_+14.6 153.4+^ 26.4 +341.8+_50.1
Muscle 74.3+35.5 53.8+19.8 180.9+100.4 96.2+25.0
* p<0.02 ** p<0.005 + p<0.05
There is significantly less aMT-like immunoreactivity in the 
kidneys of aMT-treated goats when compared to controls (p<0.02 for bolus 
[group 2] and p<0.005 for implant [group 1] and feeding [group 3]). A 
significant amount of aMT-like immunoreactivity was measured in the 
mammary glands of aMT-fed goats compared to controls (p<0.05).
The aMT-like immunoreactivity in the goat liver extracts was 
confirmed to be aMT by TLC, the results of which are presented in Figure 
9.7. Rf values were as follows : ^-aMT; 0.60, standard aMT solution (1 
mg/ml in ethanol); 0.60, liver aMT chloroform extract; 0.67. A small 
spot of aMT-like immunoreactivity was observed at an Rf value of 0.47 on 
TLC of the liver extract. This is within the Rf range for 6-hydroxy- 
melatonin in the same system and the spot, therefore, corresponds to
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this metabolite. Melatonin-like imnunoreactivity measured in the kidney, 
mammary gland and muscle extracts was not aMT.
9.4 DISCUSSION
Treatment of goats with subcutaneous melatonin implants and 
intraruminal glass boluses containing melatonin, resulted in daytime 
plasma melatonin being maintained within the night-time range of 30-90 
pg/ml for at least 42 days (Figure 9.1). Mean melatonin levels in the 
plasma reached a maximum 7 days post-treatment with the bolus and 10 
days post-treatment with the implant ; the bolus provided concentrations 
more than twice those of the implant, but plasma melatonin was cleared 
rapidly. Oral administration of melatonin resulted in high plasma levels 
only after 1600 h; concentrations decline to basal levels by dawn the 
next day (Chapter 3, Fig. 3.1b). Significant amounts of melatonin were 
measured in the milk after bolus treatment, but not after implantation 
and feeding (Figures 9.3 and 9.4). The profile of melatonin secretion 
into the milk reflects the plasma melatonin profile after bolus 
treatment. Since melatonin is lipophilic, it passes easily across the 
epithelial membranes from the rumen into the blood stream, and from the 
blood stream into the alveoli of the mammary gland, to be secreted via 
the milk in lactating animals. Melatonin did not accumulate and was not 
measured in the mammary gland tissue of bolus-treated goats, since the 
goats were milked prior to slaughter. Various other lipophilic hormones, 
such as the sex steroids, are secreted via the milk. Progesterone 
concentrations in the milk are used as an indication of pregnancy in 
cattle and goats (Pope and Swinburne, 1980, cattle; Sauer et ^ . , 1981; 
Sauer et al., 1986, goats; Holdsworth, 1983; Murray, 1987). The route of
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administration of melatonin to goats determines its route of metabolism. 
After implantation melatonin dissociates into the dermal circulation and 
is taken up by the blood to the liver to be metabolized. Administering 
melatonin orally appears to result in melatonin uptake in the omasum and 
the rumen is not involved. From the omasum melatonin appears to be 
cleared from the plasma by metabolism in the liver before it reaches the 
mammary gland circulation. After bolus treatment melatonin is presumably 
taken up in the rumen and different pharmacokinetics apply, involving 
concentration of melatonin in the milk during the present study.
Treatment of lactating goats with melatonin did not reduce weekly 
milk yields in the present study. Chemineau and colleagues (1988) 
reported a small decrease in milk yield in goats during melatonin 
treatment, and suggested that this reduction was due to suppression of 
prolactin. However, this effect was not observed during this study, and 
reduced milk yield during melatonin treatment cannot be attributed, 
solely, to suppressed prolactin levels; prepartum mammogenic placental 
lactogens and growth factors (Forsyth ^  ^ . , 1985), nutritional status, 
satiety, herd management, and growth hormone (Lee and Forsyth, 1987) all 
contribute to the regulation and maintenance of lactation. A reduction 
in milk yield was apparent, 5 weeks after the start of melatonin 
feeding. This reduction was not significant and lactation was naturally 
coining to an end at this time of year (late-June).
The tissues from the melatonin-treated goats appeared to be normal 
at the cellular level. Fat infiltration was observed in some of the 
livers (Plates 9.1-9.4). This was due, predominantly, to the fact that 
the goats were undergoing lactogenesis at the time of slaughter. During 
lactation in cattle, tissue triacylglycerol is mobilized for use in
-191-
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lactogenesis (Vemon, 1988). Serum trlacylglycerol concentrations, 
however, are lower than in a non-lactating animal. A fatty liver may 
result due to deposition of surplus lipid, which is being produced more 
efficiently than it can be utilized in milk synthesis (Bell, 1980; 
Remesy et al., 1986; Reid et al., 1986).
Melatonin was measured in the liver of both treated and control 
animals, but a significant difference between groups was not found. 
Melatonin is transported to the liver to be metabolized into 6- 
hydroxymelatonin, which is conjugated with a sulphate or glucuronide
group for excretion in the urine (Kveder and Mclsaac, 1961; Kopin et
al., 1961). In sheep, 6-sulphatoxymelatonin does not seem to be the 
major metabolite (English et ^ . , 1987b), which would probably be the 
case for goats, since their metabolism is very similar. Melatonin was 
not found in significant amounts in the muscle, mammary gland and 
kidney. Whether or not metabolites and residues of melatonin accumulate 
in these tissues, during prolonged treatment with melatonin, remains to 
be seen.
Melatonin is released into the milk of goats during the first week 
after treatment with the continuous-release bolus preparation, but not 
in significant amounts after implantation or feeding. The amounts of
melatonin measured in the milk are small. No adverse effects of
melatonin, in comparable or much greater amounts, have been reported in 
humans. No significant amounts of melatonin residues were measured in 
the tissues of treated goats. The edible products from goats previously 
treated with melatonin for manipulation of breeding seasons could, 
therefore, be fit for human consumption.
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CHAPTER TEN
EXPERIMENT SEVEN: THE EFFECT OF LIGHT AND MELATONIN 
TREATMENT ON COAT GROWTH CYCLES IN COATS
10. The Effect of Ligftt and Melatonin on Coat Growth Cycles
10.1 INTRODUCTION
Domesticated ruminants possess a seasonal cycle of coat growth 
(Ryder, 1964; Ryder, 1978) which appears to be controlled by changes in 
photoperiod, presumably acting through aMT (Lincoln and Ebling, 1985). 
The cycle consists of an active growing phase (anagen) in the summer, a 
transitional state (catagen) and a resting state (telogen) during the 
winter (Ryder, 1970). The cycle involves a moult in the spring and a 
small proportion of hairs are replaced in the autumn. The skin follicle 
is able to exert some control over hair growth so that subsidiary cycles 
occur during active periods. Cycles in coat growth are a particular 
burden to the wool, cashmere and mohair industries, creating seasonal 
fluctuations in the production of fibre throughout the year (Ryder, 
1964; comprehensive review on coat growth in ruminants).
Studies in deer (Bubenik, 1983; Bubenik et ^ . , 1986; Webster and 
Barrell, 1985), sheep (Lincoln and Ebling, 1985) and mink (Martinet and 
Allain, 1985), have reported that summer aMT treatment induces winter 
coat growth and pelage exchange. It was seen in Chapter 6 that winter 
long-day light exposure followed by melatonin treatment induced the 
growth of a winter coat in lactating Saanen goats. The aim of the 
present study was to observe the long-term effects of light and aMT 
treatment on the seasonal coat growth cycle of the Saanen dairy goat.
10.2 MATERIALS AND METHODS
For more detail on the treatment of the goats in this study refer 
to Experiment 3, Chapter 5.
10.2.1 Animals
The coat growth cycles of 12 female goatlings in the aMT-treated
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(group 1) and control (group 4) groups in Experiment 3, Chapter 5, were 
followed throughout treatment. The goats were 1 year old at the start of 
the experiment and they were previously untreated with aMT.
10.2.2 Light and Melatcmin Treatments
The two groups of 6 goats were treated as follows;
Group (1): 20L:4D (lights on; 0400 h, light intensity; 119 _+ 28 lux, 
mean _+ SEM, N=16) from 1 February to 5 April, 1988 (64 days), after 
which they were returned to a natural photoperiod. The goats were 
implanted subcutaneously, under local anaesthetic, on 5 April with 2 X 
12 mg aMT. Reimplantation was necessary every 2-3 weeks to maintain 
plasma aMT concentrations within the night-time range of 30-90 pg/ml. 
20L:4D (lights on; 0400 h, light intensity; 119 +_ 28 lux, mean _+ SEM, 
N=16) for 2 months prepartum (11 October to 2 December, 1988). 
Immediately after kidding the goats were drenched daily, at 1600 h, with 
5 ml of an aqueous solution containing 3 mg aMT.
Group (4): Housed from 1 February to 5 April, 1988, under a natural 
photoperiod and remained untreated throughout the study.
10.2.3 Coat Growth Assessmeats and Skin Biopsies
Coat growth was assessed every three months on the following dates;
18 August 1988, 29 November 1988, 2 March 1989, 1 May 1989, 4 September
1989, 20 November 1989, and 1 March 1990. Test clippings were taken from
O
a 15 cra"^ area over the ribs from all goats in both groups, and weighed. 
The clipped side of the goat was alternated each time, thus allowing 6 
months for regrowth of the coat before the next assessment. In November, 
1988, one goat from group (1) was removed from the study because she was 
barren, leaving group (1) with N=5 goats.
Skin biopsies were taken from at least two animals in each group
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every three months, alternating the side of the animal from which the 
biopsy was taken. The coat over the ribs was clipped (usually the same 
area that the test clippings were taken from) and swabbed with 70% 
alcohol. The biopsy was taken from an area of skin over the last rib. 
This area was anaesthetized with an intradermal injection of lignocaine- 
HCl (plus adrenaline; Chapter 5, Section 5.2.2). The skin was pinched 
with forceps and a small nick of skin (approximately 0 . 5 cm long) was 
cut off using a scalpel. The wound was sewn together using a single 
stitch and sifabbed again with alcohol. The skin sample was fixed in 
Bouins’ fluid (75% v/v saturated aqueous solution of picric acid, 25% 
v/v of a 40% solution of formaldehyde and 5% v/v glacial acetic acid) 
for at least one week prior to the preparation of histological slides 
(Chapter 2, Section 2.9). The skin biopsies were processed (Chapter 2, 
Section 2.9.2), and sections were cut (6 pm thick) parallel to the
surface of the skin. The sections were stained with haematoxylin and
eosin (Section 2.9.3) and viewed under a microscope. The hair follicles 
were assessed at the level of the sebaceous glands and under a 
magnification of X 100. The stage of the primary hair follicle growth 
cycle (Ryder, 1970) was assessed and given a score as follows;
Score Stage of primary follicle growth
1 Promorphogenetic
2 Mesatransitional
3 Me taproduct ive
4 CATAGEN (transitional)
5 TELOGEN (resting)
The mean score for the group was calculated and the stage of the 
coat growth cycle assessed for the group from this mean score. The ratio 
of secondary to primary (S/P) hair follicles in each section was also
-195-
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calculated and gives an indication of the amount of cashmere in the 
coat.
10.2.4 Statistical Analysis
Statistical differences in the weight of the test clippings 
between groups were calculated using an unpaired Students’ t-test.
10.3 RESULTS
10.3.1 Coat Growth Assessment
The results of the coat growth assessment are presented in Figure
10.1. In August, the light and aMT-treated goats (group 1; 9.42 _+ 0.39 
g, mean _+ SEM, N=6 ) had significantly more coat than the untreated 
control goats (group 4; 6.34 +_ 0.67 g, mean +_ SEM, N=6 ; p<0.01). During 
November this situation was reversed, and the control goats (13.11 
0.87 g, mean _+ SEM, N=6 ) had significantly more coat than the light and 
aMT-treated goats (6.34 +_ 0.68 g; mean _+ SEM, N=6 ; p<0.0005). In March, 
1990, two years after the first period of aMT treatment, the coat growth 
cycle of the light and aMT-treated animals had become synchronized with 
that of the control goats; there were no significant differences between 
the weights of the test clippings on this date; control group (group 4); 
7.92 _+ 0.42 g, light and aMT-treated group (group 1); 7.16 _+ 0.47 g 
(mean _+ SEM, N=6 ).
10.3.2 Skin Biopsies
The various stages of the hair follicle growth cycle in both groups 
during the assessment period are shown in Plates 10.1 to 10.3. Table
1 0 . 1  summarizes the assessments of the skin sections.
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+ p<0005
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C o n t r o l s
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M e l a t o n i n - t r e a t e d
1990
Figure 10.1. Coat growth assessments in female British Saanen dairy 
goats treated with long-days followed by melatonin. >felatonin-treated; 
group (1) from Experiment Three exposed to 20L:4D for 64 days from 
February, 1988, followed by three months melatonin treatment; 20L:4D 
exposure from 11 October, 1988, for two months followed by three months 
melatonin treatment ending March, 1989. Bars represent periods of light 
and melatonin treatment. Controls; group (4) from Experiment Three 
remained untreated and exposed to a natural photoperiod throughout. Coat 
growth was assessed by weighing a test clipping from a 15 cm^ area over 
the ribs every three months for 18 months. Side of animal from which 
clipping was taken was alternated, thus allowing 6 months growth between 
assessments. All points on the graph are mean _+ SEM, N=6 .
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Plate 10.1. Horizontal sections through the skin of 2 female Saanen 
dairy goats taken on 25 August, 1988. A; section through the skin from 
an untreated control goat showing actively growing primary follicles. P; 
primary follicle in the mid-stages of anagen. B; section through the 
skin from a goat treated with 20L:4D from 1 February 1988, for 64 days, 
followed by 3 months subcutaneous implantation with melatonin. See 
materials and methods for details. P; primary follicle in the catagen 
state (transitional stage between active growth and resting states). S; 
secondary follicle, OS; outer sheath, IS; inner sheath, SG; sebaceous 
gland, H; hair shaft, IT; interstitial tissue. Haematoxylin and eosin 
staining. Magnification X 100. -1 9 g-
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Plate 10.2. Horizontal sections through the skin of 2 female Saanen 
dairy goats taken on 29 November, 1988. A; section through the skin from 
an untreated control goat showing resting primary follicles. P; primary 
follicle in the telogen state. B; section through the skin from a goat 
treated as previously described for B in Plate 10.1. P; primary follicle 
in the early stages of anagen (promorphogenetic). S; secondary follicle, 
OS; outer sheath, IS; inner sheath, SG; sebaceous gland, H; hair shaft, 
IT; interstitial tissue. Haematoxylin and eosin staining. Magnification 
X 100.
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Plate 10.3. Horizontal sections through the skin of 2 female Saanen 
dairy goats taken on 30 May, 1989. A; section through the skin from an 
untreated control goat showing actively growing primary follicles. P; 
primary follicle in the early stages of active growth (promorpho­
genetic). B; section through the skin from a goat treated as previously 
described for B in Plate 10.1 followed by 20L:4D from 11 October for 2 
months and 3 months daily melatonin drenching (3 mg/5 ml at 1600 h) from 
December to March, 1989. P; primary follicles in the early stages of 
active growth (promorphogenetic). S; secondary follicle, OS; outer 
sheath, IS; inner sheath, SG; sebaceous gland, H; hair shaft, IT; 
interstitial tissue. Haematoxylin and eosin staining.Magnification XI00.
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Table 10.1 The stages of hair follicle growth in melatonin-treated
and control dairy goats
Date CONTROLS LIGHT AND MELATONIN-TREATED
Score S/P Stage Score S/P Stage
25/8/88 2.67 3.78 Me taproduct ive 4.17 5.00 Catagen
29/11/88 5.00 5.00 Telogen 1 . 0 0 4.84 Promorphogene tic
2/3/89 1.83 3.44 Mesatransitional 1.67 4.35 Promorphogenetic
30/5/89 1.33 4.55 Promorphogene tic 1.17 4.66 Promorphogene tic
1/3/90 2 . 0 0 3.50 Mesatransitional 1.75 3.50 Mesatransitional
S/P; ratio of secondary:primary follicles.
In August, 1988, one month after the end of the first aMT treatment 
period, the primary hair follicles of the control goats were in the last 
stages of active growth (mesatransitional) and the hair was rapidly 
growing. The primary follicles of the aMT-treated goats were one stage 
further in the follicle cycle; catagen, a transitional stage between the 
active growing phase in the summer and the resting stage during the 
winter. The S/P ratio was high (5.00) in the aMT-treated goats, 
indicating a high proportion of secondary fibres, as was observed 
naturally in the winter. During November, 1988, the primary follicles in 
the coat of the control goats were in the resting state, telogen, with a 
high S/P ratio (5.00). The primaries in the aMT-treated animals’ coats 
were in the first stages of anagen (promorphogenetic) which was observed 
during îtoy in the control goats, with a declining S/P ratio. During the 
promorphogenetic stage of anagen the primary follicles were small and 
were undergoing cell differentiation and organization. From November,
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1988, through to May, 1989, the primary follicle growth cycle of the 
aMT-treated goats appeared to have arrested in the first stages of 
anagen, during the second period of long-day light and aMT treatment. By 
March, 1990, the primary follicle growth cycle of both groups had 
synchronized in the mid-stages of anagen (metaproductive; mitosis 
restricted to the lower parts of the follicle) and with low S/P ratios.
10.4 DISCUSSION
Exposure of dairy goats to a long-day photoperiod during the 
winter, followed by summer melatonin treatment, advanced the whole 
seasonal coat growth cycle in the present study (Figure 10.1). During 
the summer, after the first period of melatonin treatment (August,
1988), the melatonin-treated goats had a significantly thicker coat than 
the controls; the cycle of hair follicle development was advanced to the 
catagen stage, while the primary follicles in the coat of the control 
goats were in the mid-stages of active growth (anagen). Long-day light 
and melatonin treatment may influence the coat growth cycle via their 
effects on prolactin secretion (Chapter 5, Section 5.3.3). Exposure of 
the goats to long-days in the winter induced an early seasonal rise in 
prolactin (Chapter 5, Figure 5.8 b and c), and the following period of 
melatonin treatment suppressed plasma prolactin concentrations to levels 
intermediate between those observed during the summer and the winter 
(Figure 5.8b). Prolactin is suggested to induce the spring moult since 
blockade of prolactin with the antagonist, bromocriptine, delayed the 
moult for up to 6 weeks in deer (Bubenik et ^ . , 1985; Curlewis et al., 
1987). In this study, the results may be interpreted as follows ; the 
induction of an early seasonal prolactin rise with long-days induced the
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spring moult 5 weeks before the controls, which naturally occurred 
during the first weeks of April. High plasma prolactin levels during 
February and March, 1988, in the goats in group (1), maintained a summer 
coat. Suppression of prolactin with melatonin in the summer induced the 
growth of a winter coat after a much speeded up cycle, the summer coat 
being maintained for only two months. At the end of melatonin treatment, 
in mid-July, plasma prolactin concentrations increased to levels 
consistent with those observed in the control goats (Figure 5.8a). This 
rise induced a moult at the end of the sunmer and the growth of a summer 
coat in the autumn.
Exposure of the goats to the second period of long-day light during 
the autumn, 1988, maintained the summer coat during the winter. 
Unfortunately, blood samples were not taken during this period and 
prolactin data is not available. Melatonin treatment during the winter 
did not appear to influence the timing of the seasonal prolactin rise 
(Figure 5.9), which occurred naturally in the first week of April, 1989. 
At this time, the goats possessed a summer coat; the seasonal prolactin 
rise could not induce a moult and the summer coat was maintained until 
the following autumn, when the cycle became synchronized with the 
control goats (Figure 10.1).
These observations suggest that the control of the seasonal coat 
growth cycle in goats is via the circannual rhythm in prolactin 
production (Buttle, 1974), which, in turn, is modulated by photoperiod 
(Hart, 1975) and temperature (cattle; Wettemann and Tucker, 1974). 
However, the control of seasonal coat growth cycles appears to be more 
complicated than suggested here, and is thought to involve a variety of 
hormones, including the thyroid hormones, controlling various subsidiary
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stages of the cycle (Bubenik ^  , 1986).
The influence of photoperiod and melatonin treatment on coat growth 
may pose a problem when using these treatments to manipulate breeding 
seasons. Careful management of the animals is needed and winter housing 
is essential to avoid cold-exposure when the animals possess an 
insufficient summer coat. However, photoperiod and melatonin treatment 
could provide a valuable tool for manipulation of coat growth cycles, in 
order to supply the cashmere and mohair industries in temperate 
countries with fibre all year round.
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CHAPTER ELEVEN
EXPERIMENT EIGHT: DEVELOPMENT OF PUBERTY IN GOATS BORN 
OUT-OF-SEASON AND THE EFFECT OF LONG-DAY LIGHT TREATMENT 
IN UTERO ON PUBERTY ONSET
11. Puberty Onset in Autumn-Bom Kids
11.1 INTRODUCTION
Spring-bom sheep and goats reach puberty in the autumn following 
birth, when about 30 weeks old (Shelton, 1978; Mews, 1982). Puberty 
onset in lambs occurs due to an interaction between physical maturity 
and photoperiod (Foster and Ryan, 1981). In other words photoperiod can 
induce puberty onset, only if the reproductive axis is fully developed 
and able to respond to stimulatory photoperiods (Foster, 1981; Foster, 
1983; Nowak and Rodway, 1985; Foster et ^ . , 1986; Foster e^ , 1989). 
î-lale goats can be used lightly in their first season, but females are 
recommended to be at least 70% of adult weight before being bred, to 
ensure the physical maturity to carry a successful pregnancy. Females, 
therefore, are not usually allowed to mate until the following autumn, 
when 18 months old. Autumn-bom goats could be mated the following 
summer, when barely a year old, if sexually mature. This would increase 
herd production by reducing the time-lag between birth and first 
breeding season.
During the first experiment to induce out-of-season breeding in 
goatlings using LD light and aMT treatment (Experiment 3, Chapter 5), it 
was observed that one of the female kids bom in December, 1988, came 
into oestrus when only 10 weeks old. The kid showed all the signs of 
behavioural oestrus and, when put with a male goat, would have mated if 
permitted . This kid had also been exposed to a LD photoperiod 
(20L:4D) m  utero and puberty had been induced 15-20 weeks earlier, than 
normal. The following experiment follows up this observation by 
monitoring the development of puberty in autumn-bom goats, and also 
observes the effect of LD light exposure m  utero on puberty onset.
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11.2 MATERIALS AND METHODS
11.2.1 Animalfi
Fourteen pregnant goats had been induced to breed out-of-season 
after a treatment of LD light and aMT (Experiment 4; Chapter 6 ). These 
animals were due to kid in October, 1989, 4 months earlier than the rest 
of the herd. During light treatment they were housed in light-controlled 
sheds (5 goats/shed), at ambient temperature. Just before kidding they 
were removed to separate kidding pens in the main goat house and kept in 
a natural photoperiod.
The kids were removed from their mothers when 2 days old, and 
housed together in a pen under a tungsten-halogen lamp, for warmth, and 
in a natural photoperiod. After weaning, at 4 weeks of age, the kids 
were removed to another pen and kept in a natural photoperiod at 
52^14’N, and at ambient temperature, throughout the experiment. At the 
end of the 6 month observation period (9 April, 1990) all the kids were 
weighed.
11.2.2 Ligbt Treatment of Mothers
The pregnant goats were split into two groups ; groiq> (1) consisted
of 5 goats which were exposed to 20L:4D (lights on; 0400 h, light
intensity, daytime; 2,510.4 _+ 697.2 lux, artificial light; 379.4 71.8
lux; mean +_ SEM, N=16) from 14 August, 1989, until kidding (Table 6.1). 
On the day of kidding the goats were returned to a natural photoperiod 
without further treatment. Group (2) consisted of 9 goats which were 
housed under a natural photoperiod throughout.
11.2.3 Blood Sampling of Kids
Pubertal development of 20 kids was followed; 5 males and 5 females
from each group of mothers. When 4 weeks of age, once weekly blood
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samples were taken by venepuncture (Chapter 2, Section 2,11) from all 
the kids, between 1100 and 1200 h for 5 months (14 November 1988 to 9 
April 1990). Plasma from female kids was assayed for progesterone using 
an ELISA (Chapter 2, Section 2.4), while male plasma was assayed for T 
using a RIA (Section 2.6), both validated for use in goats’ plasma.
11.2.4 Testes Measurements
Scrotal diameter was measured weekly. The diameter at the widest 
part of the scrotum was measured using a piece of string and a ruler. 
Testes development was followed from birth for 6 months, the last 
measurement being on 9 April, 1990.
11.2.5 Statistical Analysis
Statistical differences in the age of puberty onset, live body 
weight and scrotal diameter measurements between groups of kids were 
calculated using an unpaired Students’ t-test. An unpaired Students’ t- 
test was used to compare plasma T concentrations in each group by 
comparing the areas-under-the-curve in Figure 11.3, as well as to 
compare T levels at each time point.
11.3 RESULTS
11.3.1 Progesterone Assessments
Figure 11.1 presents the results of plasma progesterone assessments 
from all the female kids, taken from 4 weeks to 5 months of age. 
Progesterone greater than 1 ng/ml on two consecutive sampling occasions 
was taken to indicate an oestrous cycle. Onset of puberty was indicated 
by the presence of at least two ovarian cycles, shown by cyclical 
increases in plasma progesterone in the female kids. Autumn-bom female 
kids from mothers in group (1), exposed to 20L:4D prepartum, reached
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Figure 11.1. Plasma progesterone assessments from autumn-bom female 
kids in Experiment Eight, taken for 5 months from 4 weeks of age, 
20L:4D; group (1) animals whose mothers were exposed to 20L;4D for two 
months prepartum. NL; group (2) animals whose mothers were kept in a 
natural photoperiod. Numbers on right refer to individual animals 
(N=5/group). Progesterone>l ng/ml on two consecutive sampling occasions 
indicates ovarian activity. Unpaired Students’ t-test indicated that 
group (1) (20L:4D) initiated ovarian activity significantly later
(p<0.03) than group (2) (NL).
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puberty at a mean age of 16.5 _+ 1.4 weeks (mean _+ SEM, N=5), 
significantly 3.7 weeks later (p<0.03) than autumn-bom kids fron 
mothers in group (2), exposed to natural photoperiod prepartum (Table 
11.1). The latter reached puberty at a mean age of 12.8 _+ 0.2 weeks 
(mean 2 SEM, N=5). Figure 11.2 presents this data in schematic form. 
Gestational length was not affected by exposure of the mothers to 20L:4D 
prepartum (Table 11.1), and there were no significant differences in 
mean live body weight of female kids from mothers in both groups at the 
end of the experiment, 9 April, 1990 (group (1) kids; 22.4 +_ 0.6 kg, 
group (2) kids; 23.5 _+ 0.89 kg, mean _+ SEM, N= 5/group).
11.3.2 Testostercme Assessments and Testes Measurements
Plasma T assessments from the male kids are shown in Figure 11.3. 
Generally, plasma T levels, during the 5 month assessment period, were 
consistently greater in kids from mothers kept in a natural photoperiod 
(group 2). However, there were no significant differences between groups 
with respect to plasma T levels at any time during the assessment 
period. In both groups of kids T levels reached a maximum on 19 
February, 1990. Maximum plasma T concentrations (mean _+ SEM, N=5) in 
male kids from mothers in groups (1) and (2) were 16.10 7.58 nmol/1
and 31.17 +. 9.14 nmol/1 respectively. At the time of these high T 
concentrations the increase in scrotal diameter (Figure 11.4) started to 
plateau in both groups. Scrotal diameter in kids from mothers in group 
(2) was significantly greater (p<0.05) than scrotal diameter in kids 
from mothers in group (1) at the times indicated in Figure 11.4. After 
19 February, plasma T levels declined to <4 nmol/1 by 9 April, 1990, 
when the males were no longer sexually active and libido was low. There 
were no significant differences in mean live body weight of male kids
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Table 11.1. Gestational lengths, birth dates and age at first true 
osetrous cycle in autumn-bom kids
Group Goat Gestational 
length (d)
Birth date Date of first 
oestrus
Age at first 
oestrus (d)
Natural 186 144 6/10/89 9/1/90 95
light pp 189 145 10/10/89 9/1/90 91
(group 2 ) 191 153 14/10/89 9/1/90 87
192 145 14/10/89 9/1/90 87
193 152 14/10/89 9/1/90 87
20L:4D pp 194 143 20/10/89 5/2/90 108
(group 1 ) 195 144 21/10/89 29/1/90 1 0 0
196 144 21/10/89 21/3/90 142
197 144 21/10/89 5/3/90 135
198 146 23/10/89 21/1/90 91
pp; prepartum
Mean age at puberty (+^ SEM); Group (1): 16.5 +^1.A wks
Group (2); 12.8 _+ 0.2 wks
Puberty onset was significantly earlier in autumn-bom kids in group (2)
(p<0.03) than kids in group (1), which were exposed to 20L:4D prepartum
(unpaired Students' t-test).
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Figure 11.2. Schematic diagram showing the onset of puberty in autumn- 
born female goat kids and the effect of m  utero 20L:4D light treatment 
on the timing of puberty. Left-hand y-axis indicates photoperiod length 
while the right-hand y-axis (C3  ) indicates the percent of kids showing 
ovarian cyclicity (progesterone>l ng/ml on two consecutive sampling 
occasions was taken to indicate oestrus), x-axis; time in months,
(---- ); natural photoperiod, (■ ); 20L:4D photoperiod (group 1), NL;
natural light (group 2 ), arrows ; mean birth date for each group. 
Unpaired Students' t-test indicated that group (2) initiated ovarian 
activity significantly (p<0.03) earlier than group (1).
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Figure 11.4. Scrotal circumference of autumn-bom male kids, during the 
first 6 months of life. Groups as previously described in Figure 11.1. 
All points on the graph are group mean _+ SEM, N=5. *; p<0.05 (unpaired 
Students’ t-test).
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from mothers in both groups at the end of the experiment, 9 April, 1990 
(group (1 ) kids; 28.1 _+ 1.6 kg, group (2) kids 30.5 _+ 0.9 kg, mean +_ 
SEM, N=5).
11.4 DISCUSSION
This experiment demonstrates that autumn-bom female kids reach 
puberty much earlier than natural spring-bom female kids, sexual 
maturity occurringat 12.8 _+ 0.2 weeks of age (Figure 11.2) as opposed to 
the natural age of 25-30 weeks (Shelton, 1978; Mews; 1982). Exposure of 
the mothers to artificial long-days (20L:4D) for two months prepartum, 
significantly delays puberty onset to 16.5 1.4 weeks in autumn-bom
kids, when compared to puberty onset in out-of-season kids bom to 
mothers kept in a natural photoperiod (Figure 11.2). These results are 
contrary to results from experiments performed in sheep; Foster (1981) 
monitored the decrease in sensitivity of the hypothalamus to oestradiol 
negative feedback (Chapter 1, Section 1.2.2.3; Foster and Ryan, 1981), 
as well as time of first ovulation as indicated by an increase in plasma 
progesterone in autuimi-born lambs. Puberty onset occurred at 49 _+ 1 week 
in lambs bom in the autumn and exposed to natural photoperiods. This 
age corresponded to the following autumn and the start of the natural 
breeding season. However, if the lambs were exposed to a reverse 
photoperiod from birth, puberty occurred at the natural age of 35 0.5
weeks (Foster, 1981). Fosters’ (1981) explanation was that autumn-bom 
lambs were sexually mature at 30 weeks, but were in a reproductively 
inhibitory photoperiod at this age, and remained in seasonal anoestrus 
U3itil the following autumn, or that the long-days of the summer actually 
inhibited sexual development until the autumn. This does not seem to be
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the case for the goat; sexual maturity was reached at a very early age 
in autumn-bom kids.
It has been shown in the sheep (Yellon and Longo, 1987; Yellon and 
Longo, 1988; Zeradegs ^  , 1988; McMillan and Nowak, 1988), the
hamster (Stetson e^ , 1989; Horton et , 1989) and the rat (Reppert 
et al., 1985) that there are diurnal rhythms in fetal melatonin, these 
rhytlims being derived from transplacental transfer of melatonin from the 
mother. Thus, the fetal sheep is able to detect changes in photoperiod 
while utero and the lamb acquires a photoperiodic history before it 
is born (Ebling, 1989). The fetal lamb is also able to respond to 
exogenous melatonin, administered to the mother, with a suppression in 
plasma prolactin (Bassett et ^ . , 1988, Bassett et ^ . , 1989; Seron- 
Ferre et ^ . , 1989). In the last few days of gestation, the fetal pineal 
is able to synthesize its own melatonin (Kennaway ^  , 1977; McMillan
and Nowak, 1988; Zemdegs et ^., 1988) in preparation for photoperiod 
detection after birth. Therefore, during the present study, the fetal 
goats probably detected changes in photoperiod via their mothers’ 
melatonin signal, and this photoperiodic history influenced the timing 
of puberty onset (Foster ^  ^ . , 1989).
The neonatal lamb is able to respond to photoperiod with the 
appropriate melatonin rhythm and prolactin response at a very early age 
(Yellon and Foster, 1982; Yellon and Foster, 1986; Ebling et ^ . , 1988; 
Wood et , 1989). Diurnal melatonin rhythms have been measured in 
prepubertal male and female lambs at <10 weeks of age (Yellon and 
Foster, 1982; Claypool et ^ . , 1989); as early as 7 weeks of age, 
changes in photoperiod can entrain the neonatal melatonin rhythm in the 
sheep (Wood et ^ . , 1989). By one week of age, the duration of high
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neonatal melatonin corresponded to the length of the dark phase 
(Claypool et , 1989), but levels were much lower than those observed 
in adults. Night-time melatonin concentrations gradually increased with 
age to reach adult levels by 27 weeks, near the age of natural puberty
(Claypool ^  al• j 1989). At one week of age the neonatal lamb responds
to long-day light exposure with high prolactin production (Ebling ^  
al., 1988), this response being abolished by superior cervical
ganglionectomy (Ebling e^ ^ . , 1988). Thus, the young lamb can
discriminate between long and short photoperiods with the appropriate 
endocrine response, and a low amplitude melatonin rhythm is sufficient 
to mediate this response (Ebling et ^ . , 1988). There have been no 
reports on photoperiod responses in very young goats; however, since the 
physiology of goats, with respect to melatonin secretion and endocrine 
responses to photoperiod, are very similar to sheep, it is likely that 
the kids in the present study detected and responded to the prevailing 
photoperiod during the first week of life.
Pinealectomy (Kennaway et al., 1985) and superior cervical
ganglionectomy (Yellon and Clayton, 1983; Yellon and Foster, 1986) of 
lambs < 1 0 weeks old results in delayed puberty; the melatonin signal is 
lost or disrupted and the animals are no longer able to respond to 
photoperiod. Prepubertal pinealectomy results in breeding seasons no 
longer being entrained to the prevailing photoperiod, but there is an 
innate drive within the reproductive axis which triggers puberty in 
pinealectomized lambs (Kennaway ^  ^ . , 1985; Kennaway, 1988). It was 
first suggested that melatonin was the hormone that triggered puberty 
onset. However, melatonin implantation delayed or advanced puberty 
onset, depending on the age at which treatment began (Kennaway and
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Gilmore, 1984; Nowak and Rodway, 1985); after 19 weeks of age puberty 
was advanced (Nowak and Rodway, 1985), and before 8 weeks of age 
melatonin treatment had no effect on the timing of puberty (Nowak and 
Rodway, 1985), or puberty was delayed (Kennaway and Gilmore, 1984). 
Experiments by Foster (1983) and coworkers (1988a and b, 1989) and 
Yellon and Foster (1982, 1985 and 1986, reviews ; Foster et , 1986; 
Foster ^  ^ . , 1988a; Ebling and Foster, 1989) have shown that it is 
exposure to long-days that determines the timing of puberty onset. A 5- 
week period of long-day light exposure around 18-23 weeks of age is 
essential for puberty onset to occur at the natural age of 30 weeks 
(Foster et , 1988b and c; Yellon and Foster, 1985). Neonatal exposure 
to short-days was not necessary for subsequent recognition of long-day 
photoperiods; long daylengths timed puberty onset, which occurred in the 
absence of additional photoperiodic information. Long-day exposure 
during the last stages of sexual development delayed puberty onset, but 
short-days, or absence of photoperiodic information (superior cervical 
ganglionectomy), during this time had no effect, and puberty occurred 
naturally (Foster et ^ . , 1988c).
During the present study, exposure of male goat fetuses, due to be 
born out-of-season, to a 20L:4D melatonin pattern utero caused aji 
apparent, but non-significant suppression of plasma testosterone during 
the first 6 months after birth (Figure 11.3). Subsequent testicular 
growth was also suppressed when compared to autumn-bom males which had 
not been exposed to 20L:4D m  utero (Figure 11.4). Male sexual 
development is not as clear-cut as female development; the testes start 
growing from birth and motile sperm are present in the testes of male 
lambs at 16-18 weeks of age (Olster and Foster, 1986). At 13 weeks of
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age pulsatile LH is detected in the plasma of castrated, testosterone 
and oestradiol-implanted male lambs (Olster and Foster, 1986). 
Castration of male lambs at 5 weeks of age, and without testosterone and 
oestradiol replacement, results in an increase in plasma LH at 7 weeks 
old (Olster and Foster, 1986). Unlike female sexual development, the 
achievement of sexual maturity in males does not appear to depend as 
much on physical size (Claypool, 1985). However, as in females, exposure 
of intact, autumn-bom ram lambs to an 8 - 1 1 week period of long-days 
from 1 0 weeks of age, followed by short-days, accelerates sexual 
development, as assessed by scrotal diameter measurements (Colas et al., 
1987). Contrary to the results obtained in the present study, m  utero 
exposure of spring-born male kids to long- or short-days during the last 
third of pregnancy had no effect on subsequent testes development, with 
respect to testes weight and Sertoli cell number (Hochereau-de Reviers 
et al., 1986).
Based on the observations in lambs, the following theory is 
proposed to explain the results obtained in the present study. When in 
utero, the goat fetus detected photoperiod via transplacental passage of 
the melatonin signal. During pregnancy the mothers were exposed to long- 
days (May-August) and a long-day pattern of melatonin secretion was 
transferred from mother to fetus. This melatonin pattern prepared the 
fetus for photoperiod detection after birth. The kids were born into a 
shortening photoperiod in the autumn. The long-days during the summer in 
utero, followed by a decreasing photoperiod in the autumn, timed the 
onset of puberty to occur 13 weeks after birth. Exposure of mothers to 
20L:4D for the last two months of pregnancy, followed by removal of this 
melatonin pattern at birth, seasonally phase delayed the onset of
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puberty, which occured 16,5 weeks after birth; the very long-day pattern 
of melatonin secretion was experienced late in pregnancy, and puberty 
onset was timed to occur later after birth. Unlike lambs, achievement of 
puberty in goats does not appear to depend on the physical size of the 
animal and, in this way, goats appear to be potentially more prolific 
tlian sheep.
-219-
CHAPTER TWELVE
EXPERIMENT NINE: IN VITRO AUTORADIOGRAPHICAL LOCALIZATION 
OF MELATONIN BINDING SITES IN THE CAPRINE BRAIN
12. Melatonin Binding Sites in the Caprine Brain
12.1 INTRODUCTION
Using brain implantation and lesioning experiments aMT has been 
shown to have central sites of action in a variety of mammalian species. 
Glass and Lynch (1982) surgically placed micro-implants containing aMT 
into the SON and anterior hypothalami of white-footed mice (Peromyscus 
leucopus), which are long-day breeders. Only central implaiitation of aMT 
into these sites resulted in a 50% reduction in reproductive tract 
weight, and an increase in interscapular brown fat deposits, as well as 
Liduced nesting behaviour in the live animal (review; Glass, 1988). 
Using a similar technique, Lincoln and Maeda (1989) implanted aMT into 
the medial basal hypothalamus (MBH) and preoptic areas (POA) in the 
brains of out-of-season rams. Implantation in the MBH resulted in 
premature reactivation of the testicular axis, suggesting that areas 
within, or near to the MBH are involved in photoperiodic regulation of 
reproduction in the rain. Chemical lesioning of the anterior hypothalamus 
of the hamster disrupts its photoperiodic and reproductive endocrine 
systems (Hastings et ^ . , 1985). The observed effects of aMT admin­
istration on the centrally produced hormones of the reproductive 
endocrine system, such as PEL, FSH and LH, suggest a central site of 
action for aMT (review; Morgan and Williams, 1989).
Early studies to determine the central binding sites of aMT 
observed the mi vivo uptake of a tritiated aMT radiolabel (%-aMT) into 
several brain areas, including the SCN, of the lamprey and the lizard 
(Joss, 1981), and the retina of the frog (Weichmann et ^ . , 1986). 
However, this technique had certain limitations, such as non-specific 
uptake, rapid metabolism and diffusion of the label from the tissues 
during processing. The development of a specific [ I]-radiolabelled
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ligand for aMT has led to recent success in identifying high-affinity, 
specific aMT binding sites in the brains of rats (Vanecek ^  al., 1987; 
English and Arendt, 1988; Vanecek and Illnerova, 1989; Williams, 1989), 
hamsters (Dubocovich, 1988; Williams et al., 1988; Vanecek and Jansky,
1989), humans (Reppert et 1988) and sheep (Pelletier and de
Reviers, 1989; de Reviers ^  , 1989; Morgan et al., 1989c). Some of
these specific binding sites have been shown to be involved in the 
photoperiodic and endocrine control of reproduction, such as the SCN, 
the medial septal area and POA (Helliwell and Williams, 1989) and the 
pars tuberalis (Gross ^  ^ . , 1984). Specific binding of aMT has been 
observed in the hippocampus, trigeminal nucleus and cerebral cortex in 
the brains of sheep (Helliwell and Williams, 1989). These sites have an 
undetermined role, if any, in the regulation of reproduction or 
photoperiodic responses. The present chapter describes the localization 
of specific aMT binding sites in the caprine brain using ^  vitro 
autoradiography.
12.2 MATERIALS AND METHODS
12.2.1 Animals
Six lactating goats, aged 5-7 years, were used. 5 goats were 
previously untreated while the sixth goat (307) had been involved in a 
separate experiment prior to slaughter on 18 January, 1990, and had been 
treated with 100 pg arginine-vasopressin on 24 November, 1989, and 10 pg 
TRH on 7 December, 1989.
12.2.2 Slaughter and Collection of Brain Tissues
The goats were slaughtered with 30-40 ml phenobarbitone (Chapter 9,
Section 9.2.4) injected into the left external jugular vein. The head
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was removed and the brain dissected out. The ears and skin from the top 
of the head were removed using a scalpel and discarded. Using a metal 
saw a transverse cut was made through the base of the skull, 0 .5-1.0 cm 
posterior to the inner ear (Figure 12.1 a). The base of the skull was 
removed and the cerebellum, midbrain and hindbrain were dissected out 
and frozen on dry-ice (-40^ 0). The forebrain was removed from the main
part of the skull. Three cuts were made with a scalpel to the front of
the skull, so as to remove the cerebral cortex from the rest of the 
brain; two horizontal cuts were made at the level of the inferior 
colliculi, one to the left of centre, the other to the right (Figure
12.1 b). A third vertical cut was made from the mid-point of the 
inferior colliculus and between the two superior colliculi to the top of 
the skull (Figure 12.1 b). The cerebral hemispheres were scooped out 
using a spatula and frozen on dry-ice. The hypothalamus was detatched 
from the base of the skull by lifting with tweezers and severing the 
cranial nerves (in pairs), the pituitary stalk and the optic chiasma, 
and frozen on dry-ice. The pituitary was dissected out from the boney 
pit in the base of the skull and frozen on dry-ice. On two occasions 
(goats 345 and GA) the forebrain was removed from the skull without 
dissection; after removal of the base of the skull, the cerebral
hemispheres and hypothalmus were gently teased out of the remaining part 
of the skull using a spatula , after severing the cranial nerves, 
pituitary stalk and optic chiasma. In this way the forebrain was 
removed, without destroying the structure, and used in an
autoradiographical study to scan the whole brain for aMT binding sites.
12.2.3 Sectiontng the Brains for In Vitro Autoradiography
The brains were kept frozen in an insulated flask containing dry-
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Figure 12.1. Dissection of the goat brain for vitro autoradiography 
(not drawn to scale), (a) Sagittal section through the skull of a goat
indicating the cut made (--) to reveal the brain. E; eye socket, OC;
Optic chiasm, PIT; pituitary, V; third ventricle, FB; forebrain, HB; 
hindbrain, H; horn bud. (b) Transverse section through a goat skull
showing the cuts made (--) for removal of the brain from the skull. CH;
cerebral hemisphere, P; pineal, S; skull, SC; superior colliculus, IC; 
inferior colliculi, lÿp; hypothalamus, (c) Aerial view of the whole 
brain indicating the cuts made to divide the brain into blocks for 
sectioning when scanning the brain for melatonin receptors. FB;
forebrain, HB; hindbrain, C; cerebellum, (--); cuts made 1 cm apart
(not drawn to scale). -224-
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ice. Three serial sections of brain were cut and thaw-mounted onto 
gelatin-coated slides (A, B æid C; Chapter 2, Section 2.8 .2.1). Sections 
2 0 pm thick were cut from the pituitaries, pituitary stalks and 
hypotlialami of all 6 brains on a cryostat (Bright Instrument Co. Ltd., 
Huntingdon, Cambs., U.K.), with 6-12 sections between each set of three 
serial sections for the pitui taries, and 2 0 sections between each set of 
three for the hypothalami. The pineals from 4 goats (pineals from goats 
6 and 307 were lost) were sectioned in a similar manner, with 6-12 
sections between each set of three. The right side of the brains from 
goats 345 and GA were divided into blocks, 1.0 X 1.0 cm, while still 
frozen (Figure 12.1 c). One or two 20 pm thick sections were taken from 
each block, with 1 0 0 - 2 0 0 sections between each set of serial sections. 
All sections were thaw-mounted onto gelatin-coated slides and subjected 
to iji vitro autoradiography using a method modified from Morgan and 
coworkers (1989c), as described in Chapter 2, Section 2.8.
12.3 RESULTS
Melatonin was found to bind in the pars tuberalis (FT) of the 
pituitary stalk, the SCN and POA of the anterior hypothalamus, the 
lateral and medial septal areas, the granular layer of the cerebral 
cortex, the hippocampus, and the fomix of the caprine brain (Plates 
12.1-12.6). These binding sites were specific, ccmipetitive binding sites 
for aMT, binding being completely removed by an excess of cold aMT (1 
pM). Figure 12.2 diagramatically summarizes the areas of aMT binding 
sites in the brain of the goat.
The density of binding sites in each structure was assessed by eye 
and melatonin was found to bind to the brain structures in the following
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Melatonin binding sites in the pars tuberalis of the 
revealed by vitro autoradiography. (A) and (B); images 
X-ray film by 20 pm thick serial sections throng^the 
an adult, female goat incubated with 50 pM [ “ l]-
(A) alone and (B) with 1 pM melatonin. (C); sections which 
image in (A) after staining with toluidine blue. FT; pars 
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Plate 12.2. (a) Melatonin binding sites in the hypo thaï arms of the 
caprine brain revealed by vitro autoradiography. (A) and (B); images 
produced on X-ray film by two 20 pm thick serial sections thorough the 
hypothalamus of an adult female goat incubated with 50 pM [ l]-iodoMT
(A) alone and (B) with 1 melatonin. (C); sections which produced 
image in (A) after staining with toluidine blue. GLC; granular layer of 
the cerebral cortex, FX; fornix; AC; anterior commissure, SCN; 
suprachiasmatic nucleus, PO; preoptic area, OC; optic chiasm, MS; medial 
septum, LS; lateral septum. Bar=10 mm.
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Plate 12.3. Melatonin binding sites in the cortex of the caprine brain 
revealed by vitro autoradiography. (A) and (B); images produced on X- 
ray film by three 2 0 pm thick serial sections through the forebrain of 
an adult female goat incubated with 50 pM [ I]-iodoMT (A) alone and
(B) with 1 pM melatonin. (C); sections which produced image in (A) after 
staining with toluidine blue. GLC; granular layer of the cerebral 
cortex. Bar=10 mm.
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Plate 12.4. Melatonin binding sites in the hippocampus of the caprine 
brain revealed by vitro autoradiography. (A) and (B); images produced 
on X-ray film by four 20 pm serial sections tthough the corpus callosum 
of an adult female goat incubated with 50 pM [ I]-iodoMT (A) alone and
(B) with 1 joM melatonin. (C); sections which produced images in (A) 
after staining with toluidine blue. H; hippocampus, CC; corpus callosum. 
Bar=10 mm.
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Plate 12.6. Sections through the hindbrain of the goat. (A) and (B); 
images produced on X-ray film by three 20 pin thick serial sections 
through the cerebellum of an adult female goat incubated with 50 pM 
[ I]-iodoMT (A) alone and (B) with 1 joM melatonin. (C); sections which 
produced images in (A) after staining with toluidine blue. Bar=10 mm.
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Figure 12.2. Diagramatic representation of the caprine brain indicating 
the areas of melatonin binding, as revealed by in vitro autoradiography, 
(a) Transverse section of the goat brain at 22 mm rostral to the 
vertical interaural plane. GLC; granular layer of the cerebral cortex, 
CC; corpus callosum, H; hippocampus, MT; fasciculus mamillothalamicus, 
FX; fomix. (b) Transverse section of the goat brain at 30 mm rostral to 
the vertical interaural plane. AC; anterior commissure, V; third 
ventricle, OC; optic chiasm, POA; preoptic area, SCN; suprachiasmatic 
nucleus, (c) Mid-sagittal section through the goat brain. PT; pars 
tuberalis, AH; adenohypophysis, NH; neurohypophysis, EP; epiphysis, T; 
thalamus. Bars indicate the scale in mm (redrawn from Tindal et al., 
1968).
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order; fomix >> lateral and medial septal areas > PT > hippocampus »  
SCN ^ POA  ^granular layer of the cerebral cortex.
12.4 DISCUSSION
Specific melatonin binding sites were found in the PT, SCN, POA, 
lateral and medial septal areas, fomix, hippocampus and granular layer 
of the cerebral cortex of the caprine brain. Melatonin binding was not 
observed in the pineal, pituitary, midbrain and hindbrain, including the 
cerebellum. These results are consistent with observations made for 
melatonin binding in the sheep brain (de Reviers et ^ . , 1989; Morgan et 
al., 1989c), although there is some controversy about the nature of 
binding in the SCN of ovine brains (Helliwell and Williams, 1989). 
Binding sites in the ovine PT (Morgan ^  ^ . , 1989b; Iforgan ^  al., 
1989c) and hippocampus (Helliwell and Williams, 1989) fulfil all the 
pharmacological criteria of a high affinity melatonin receptor. These 
tissues provide ideal models for the study of the action of melatonin at 
the cellular level (Morgan et ^ . , 1989c). The binding sites described 
in this chapter have not been pharmacologically characterized and can 
only be referred to as putative receptors at present.
Using m  vitro autoradiography, melatonin binding sites were first 
localized in the SCN and median eminence (ME) of the rat anterior 
hypotlialraus (Vanecek et ^., 1987), and the SCN, ME/arcuate nucleus 
region, medial POA, anterior pituitary and pineal of the fetal hamster 
(Weaver ^  ^., 1988a and b). However, subsequent studies have shown 
that binding in the median eminence was attributed to the PT of the 
pituitary stalk; on dissection of the pituitary from the base of the 
hypothalamus, some of the cells of the PT remain attatched to the ME and
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pars distalis (PD) accounting for melatonin binding in these areas 
(Williams, 1989). The ME and PD of the pituitary did not bind 
melatonin (Williams ^  , 1988; Williams, 1989). Since these first
autoradiographical studies using 2- -melatonin, specific central 
binding sites have also been found in the SCN of humans (Reppert, 1988), 
as well as extensively in rats (Vanecek, 1988; Williams and Morgan, 
1988; English and Arendt, 1988; Vanecek and Illnerova, 1989), hamsters 
(Williams et al., 1988 and 1989; Vanecek and Janskey, 1989) and sheep 
(Morgan et ^ . , 1989c; de Reviers et ^ . , 1989) SCN and PT. However, the 
binding sites in brain areas other tlian the PT and the hippocampus can 
only be described as putative melatonin receptors, since only the 
receptors in these areas have been pharmacologically characterized, 
using m  vitro autoradiography, together with homgenate receptor assays 
(Vaiiecek et al., 1987; Vanecek, 1988; Morgan et ^ . , 1989c; Helliwell 
and Williams, 1989; Vanecek and Jansky, 1989) as high affinity receptors 
with many interspecies similarities.
The molecular mass of the melatonin receptor in hamster 
hypothalamus and chicken retina has recently been determined using the 
technique of radiation inactivation, and by comparison of the melatonin 
receptor with a molecular mass calibration curve constructed from 
standard enzymes of known molecular mass (Pickering et , 1990). The 
molecular mass of the hamster hypothalamus receptor was estimated to be 
30 KDa, while that of the chicken retina was 44 KDa, thus indicating 
interspecies, or intertissue, differences in the size of the melatonin 
receptor (Pickering et al., 1990). The ovine PT receptor has been shown 
to act as a physiological receptor, since melatonin inhibits cyclic 
adenosine monophosphate production from cultured ovine PT cells in a
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dose-dependent manner (Morgan ^  , 1989a), and the affinity of these
PT receptors for melatonin is regulated by guanine nucleotides (Morgan 
et al., 1989b).
Despite numerous studies over the last five years (reviews; 
Dubocovich, 1988; Vanecek, 1988; Morgan and Williams, 1989; Herbert, 
1989), the mechanism of action of melatonin at the cellular level 
remains to be fully elucidated. The characterization and recent 
isolation of this high affinity receptor has provided good models for 
the study of the action of melatonin at the receptor level. The recent 
development of two melatonin antagonists, luzindole (N-acetyltryptamine) 
and ML-23 (N-[3,5-dinitrophenyl]-5-methoxytryptamine) could provide an 
insight into the mechanism of action of melatonin at its receptor sites 
(Dubocovich, 1988; Zisapel, 1988). Luzindole has been shown to 
antagonize the melatonin-induced inhibition of %-dopamine release from 
rabbit retina, and is suggested to possess potential antidepressent 
activity in humans (Dubocovich and Mogilnicka, 1987). MLr-23 has been 
shown to antagonize the effects of melatonin on the male rat 
reproductive tract (Zisapel and Laudon, 1987), but could not block the 
effects of melatonin on seasonal reproductive function in the ram 
(Lincoln and Kelly, 1989). The role for melatonin receptors in areas of 
the caprine brain such as the fomix, hippocampus and cerebral cortex, 
remain a mystery, since these areas are not involved in the control of 
either photoperiodic or reproductive endocrine events, but full 
characterization of these putative receptors is required before their 
actions can be determined.
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13. General Discussion
Photoperiodic Control of Seasonal Breeding in the Goat
The creation of artificial winter photoperiod conditions during the 
summer, either by exposure to a SD lighting regime or administration of 
melatonin to create an artificial SD profile, is able to induce a two 
month advance of the breeding season in the ewe. The goat, however, 
appears to be less sensitive to summer melatonin or SD photoperiod 
exposure and these treatments were unable to drive the caprine breeding 
season in these studies, as well as in others (Prandi et ^ . , 1987). 
Exposure to a period of long-days, of, as yet, undetermined length, 
appears to be essential before melatonin treatment is able to induce a 
large seasonal advance (Chemineau et ^ . , 1986). This LD exposure is 
required to remove photorefractoriness to SD (Robinson and Karsch,
1984), and to restore sensitivity to subsequent melatonin or SD light 
treatment.
The caprine breeding season can be driven by exposure to a two
month period of LD during the winter, without subsequent melatonin
treatment. This treatment was more successful in multiparous goats than 
in nulliparous goatlings. If LD exposure was followed by melatonin 
treatment, conception rate and fertility was increased. The use of a 
skeleton photoperiod to mimic a LD reduces lighting energy costs, but a 
skeleton photoperiod treatment was not as effective as a full LD in 
advancing the breeding season in goatlings, when followed by melatonin 
treatment. The effectiveness of melatonin treatment in multiparous 
goats, preceded by exposure to a skeleton photoperiod, requires 
assessment.
Following the observations made during the studies described in
this thesis, the following treatment regime to induce out-of-season
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breeding in the goat is proposed for use on the farrn: 50 days of
exposure to a 20L:4D photoperiod, soon after the winter solstice (21
December), immediately followed by three months melatonin treatment. 
Extensive lighting need not be installed, since goats are sensitive to 
low light intensities, with respect to suppression of plasma melatonin 
(threshold; 0.26-0.68 pW/cm^, 0.87-2.3 lux). To reduce lighting costs, 
the goats could be kept in a natural photoperiod during the day and 
herded into a bam with artificial lighting at dusk, lights being
switched on from dusk to 2400 h, and 0400 h to dawn. With lactating
goats, melatonin administration could be given in the form of a food 
pellet, fed daily to the animals during afternoon milking (1600 h). With 
goatlings, however, subcutaneous implantation or daily melatonin 
drenching was found to be easier to administer than feeding. None of the 
melatonin treatments studied left large amoujits of melatonin residues in 
the tissues of the treated animals and, of the preparations used, only 
intraruminal bolus treatment resulted in the release of melatonin into 
goats' milk, during the first week after treatment.
Riotoperiodic Regulation of Breeding in the Goat: A Theory
The following theory is proposed to explain the effect of 
photoperiod and melatonin treatment on the caprine breeding season: The 
regulation of the breeding season in goats is timed by exposure to long- 
day photoperiods. The breeding season is initiated 7-10 weeks after the 
end of the period of LD exposure, provided that the LD melatonin signal 
is removed, either by melatonin treatment to create a SD signal, or 
exposure to a relative SD photoperiod. Unsuccessful early breeding, 
after exposure to LD during the winter, may have been due to the animals
-239-
13. General Discussion
experiencing a lengthening photoperiod after removal of the LD signal. 
The minimum length of LD exposure is undetermined, but 50 days has been 
found to be sufficient during these studies.
The Effect of Melatonin Treatment on Milk Yield, Milk Composition and 
Coat Growth Cycles in Dairy Goats
Multiparous goats, induced to breed out-of-season following light 
and melatonin treatment, have substantially reduced weekly milk yields 
following early breeding. Low milk yields during autumn/winter lactation 
periods are probably due to a combination of naturally low prolactin, 
growth hormone and placental lactogen levels in the plasma, nutritional 
status, satiety and winter inappitence. Treatment of goatlings with 
light and melatonin to induce early breeding, however, does not effect 
subsequent milk yield or milk composition. In goats breeding out-of- 
season, comparison of the effect of previous light and melatonin 
treatment on milk composition becomes invalid, since lactation takes 
place under different planes of nutrition, and at a different time of 
the year, to animals breeding naturally. Out-of-season breeding animals 
must be fed accordingly to meet the high energy demands of lactation.
Long-day photoperiod treatment, during the winter, followed by 
melatonin treatment, was shown to speed up the seasonal cycle in coat 
growth, probably via effects on prolactin secretion. However, the 
control of seasonal coat growth cycles may involve a variety of 
hormones, other than melatonin (Lincoln and Ebling, 1985) and prolactin, 
contributing to the timing and regulation of the cycle (Bubenik ^  ,
1985). Due to the effects of melatonin on the seasonal coat growth 
cycle, the welfare of animals, undergoing melatonin treatment to induce
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out-of-season breeding, requires consideration, and winter housing for 
the animals is essential.
Fhotoperiodic Timing of Puberty Onset
It has been shown that the mammalian fetus can detect photoperiod 
in utero via transplacental passage of its mothers’ melatonin signal 
(hamster. Stetson et ^ . , 1988; sheep, Foster et al., 1989). This 
melatonin signal presumably primes the fetus and prepares it for 
photoperiod detection after birth: within the first few weeks after 
birth the neonatal lamb can detect and respond to changes in photoperiod 
with the appropriate melatonin signal (Wood et ^., 1989). In spring- 
bom lambs, the timing of exposure to LD regulates the onset of puberty, 
and, for puberty to occur during the autumn, the animals must experience 
a five week period of LD between 17-22 weeks of age. Autumn-bom kids 
experienced a decreasing photoperiod signal while jji utero, whereas 
spring-bom kids experienced an increasing photoperiod signal. The 
photoperiod experienced m  utero by autumn-bom kids regulates the 
timing of puberty to occur 13 weeks after birth. Manipulation of 
photoperiod, by exposure to 20L:4D m  utero, seasonally phase-delayed 
the onset of puberty : the LD photoperiod was experienced later in
gestation, puberty was delayed and ovarian activity was detected 17 
weeks after birth. The mechanism which regulates the onset of puberty 
appears to be similar to that which times the breeding season in the 
adult animal. The timing of exposure to LD is the essential factor, 
followed by removal of this LD signal.
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Central Mslatonin Binding Sites in the Caprine Brain
Specific, competitive binding sites for melatonin have been 
demonstrated in the pars tuberalis, SON, POA, medial and lateral septal 
areas, hippocampus, fornix and cerebral cortex of the caprine brain. 
These sites remain to be pharmacologically characterized and can only be 
referred to as putative receptors for the time being.
Suggestions for Future Work
The minimum time periods for LD exposure and melatonin treatment, 
for successful induction of early breeding in the dairy goat, need to be 
determined if this treatment regime was to be used commercially. The 
formulation of a longer-acting, easy-to-administer, melatonin 
preparation, which does not leave residues in the tissues, and which 
does not pass melatonin into the milk, would be commercially beneficial. 
The pharmacokinetics of melatonin in the goat require assessment.
Further investigation into the apparent action of melatonin to 
increase fertility is required, together with the influence of
melatonin treatments on reproductive endocrine events during various
stages of the oestrous cycle. Determination of the regulation of pineal 
adrenergic receptors by gonadal steroids would give an insight into the 
feedback control of melatonin production by the gonads.
Further investigation into the control of the seasonal coat growth 
cycle is required, such as the effect of melatonin and prolactin
antagonists on coat growth, prolactin replacement during melatonin 
treatment, TEdi administration to induce prolactin production, and the 
influence of the thyroid hormones and growth hormone on the seasonal 
coat growth cycle. A means of differentiating coat growth and
-242-
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reproductive response would be highly desirable, in order to maintain 
seasonal coat changes at the appropriate time of year while shifting 
the breeding season.
The theory proposed for the timing of puberty in kids requires 
further investigation. This could involve removal or denervation of the 
pineal gland after birth, followed by infusion of melatonin at various 
stages of develofxnent, and for differing time periods, with suitable 
assessment of reproductive parameters.
Pharmacological characterization and isolation of the melatonin 
receptor in the caprine brain is required. Once characterized, the 
receptors could be used to determine the mechanism of action of 
melatonin at the cellular level.
Concltiding Pemarks
Photoperiod and melatonin treatments provide powerful tools for the 
manipulation of seasonal cycles in dairy goats. These treatments could 
be used to remove the strong seasonal influence on reproduction in goats 
indigenous to temperate climates and, thereby, increase the annual 
output of marketable products from these animals. However, due to the 
influence of melatonin on many seasonally-controlled, physiological 
fujictions, the widespread use of this hormone requires careful 
evaluation to avoid ecological upsets.
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